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Coal represents 90% of the Nation's total fossil fuel
reserves, but it currently supplies only 18% of energy needs.
The adainistraticn proposes to double annual coal production and
use 1.2 billion tons by 1985, up from 665 million tons in 1976.
This report is intended to be a reference docuaent as well as an
identifica ion of the principal probleams, tradeoffs, and
alternatives to assist the Congress and othor decisionmakers in
formulating a national energy pclicy. Pindings/Conclusions:
Achieving 1.2 billion tons by 1985 is highly unlikely--in fact,
it will be very difficult to achieve 1 billion tons annually by
1985. Whkile the actual tonnage of coal produced and used has
increased through the years, coal use has declined relative to
other fuels. Coal is less convenient than alternative fuels and
causes more hara “o the environment. Major areas which need to
be explored and in which policy decisions are needed include:
Hovw much coal do we need? How much coal do vwe have? How do we
get the availakle coal? How can we get the coal to where we want
it? How can we make the coal usable? and Hov do we solve the
social protlems involved in increased use of coal? (sc)



REPORT TO THE CONGRESS

BY THE COMPTROLLER GENERAL
OF THE UNITED STATES

U.S. Coal Development--
Promises, Uncertainties

Coal represents 90 percent of the Mation's
total fossil fuel reserves. Yet, it currently sup
plies only 18 percent of energy needs.

The administration proposes to double annual
coal production and use to 1.2 billion tons by
19885, up from 665 miliion tons in 1976.

GAO believes that achieving 1.2 billion tons is
highly unlikely-in fact, it will be very diffi-
cult to achieve 1 billion tons annually by
1985.

In this report, GAO summarizes availabie
knowledge on U.S. coal development and
seeks to identify under these chapter headings
policy issues that must be considered.

--How much do we need?

--How much do ‘we have?

--How do we get it?

--How can we get it to where we need it?
--How can we make it usable?

--How can we solve the social problems?

--What is the U.S. position in the worid
coal market?

--Where do we go from here?
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COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20548

B-151071

To the President of the Senate and the
Speaker of the House of Representatives

This report presents our analysis of the prospects for
developing America's vast coal resources. The report
summarizes available knowledge on U.S. coal development,
and seeks to identify the major policy issues that must
be considered--especially if we are to achieve the coal
production and use goals in the Administration's National
Energy Plan.

We made our review pursuant to the Budget and Accounting
Act of 1921 (31 U.S.C. 53), and the Accounting and Auditing
Act of 1950 (31 U.S.C. 67).

To assist our analysis, we selected two energy
scenarios--the Bureau of Mines (high-growth) energy
forecast through the year 2000, and the Edison Electric
Institute low-growth scenario. We believe that these
scenarios represent possible ranges of high and low energy
demands, and that actual future energy demand likely
will fall somewhere between the two. The coal projections
in the National Energy Plan were not available until near
the end of cur review, but we have considered them wherever
possible.

Why is imerica's Coal Important?

Coal represents 90 percent of our total fossil fuel
reserves, yet it currently supplies only 18 percent of
our energy needs.

Our coal resources become even more important when
we consider that

--our domestic oil and gas supplies are limited, and
decliniag rapidly;

--nonconventional energy sources, such as solar and
geothermal, are unlikely to contribute significantly
to our energy supplies for the next 25 years or
s0; and



--the Administration proposes to reduce our ever
increasing dependence on insecure foreign energy
sources,

Why Aren't We Using More Coal?

While the actual tonnage of coal produced and usea
has increasea through the years, coal use has declined
relative to other fuels. Coal is less convenient than
alternative fuels and causes more harm to the environment.

Recent coal prices have not been as attractive as
those of other energy resources for a nurber of reasons,
including:

--Uncertain environmental standards (both land and
air).

--Possible increased capital and operating costs
due to environmental control requirements,

--Transportation and storage probklems.
--The relative cost advantages of nuclear power.

In the following chapters, we discuss the status,
prospects, and major issues in U.S. coal development
from the stanapoints of demand, supply. production,
transportation, environmental and socioceconomic impacts,
and America's position in the world coal market,

Copies of this report are being sent to the Secretary
Designate, Department of Energy; the Director, Office of
Management and Bucdget; the Secretaries of the Interior
and Transportation; the Administrators of the Federal
Energy Administration, the Energy Research and Development
Administration, and the Environmental Protection Agency;
the Chairman, Federal Power Commission; and to the chairmen
of energy related congressional committees,
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Comptroller General
of the United States



COMPTROLLER GENERAL'S U.S. COAL DEVELOPMENT--
REPORT TO THE CONGRESS PROMISES, UNCERTAINTIES

DIGEST

Why is America's coal important?

It represents 90 percent of the Nation's total fessil
fuel reserves. Yet, it currently supplies only 18 per-
cent of energy needs. Coal's importance grows, however,
when you consider that

--domestic oil and gas supplies are limited, and
declining rapidly;

--honconventional energy sources, such as solar and
geothermal, are unlikely to contribute signifi-
cantly to energy supplies for the next 25 years
or so; and

~-depencence on insecure foreign energy sources
continues to increase.

In its National Energy Plan, the administration expects
annual coal production and use of 1.2 billion tons by
1985, up from 665 million tons in 1976,

Can this Nation double its annual coal production and
use by 1985? GAO believes not.

GAO's recent report An Evaluation of the National Energy
Plan pointed out that achieving 1.2 billion tons 1s
highly unlikely--in fact, it will be very difficult to
achieve one billion tons annually by 1985. (See pp. 2.40
and 2.41,)

This report offers the detailed analyses that support
GAO's conclusions. GAO discusses the status, prospects,
and major issues in U.S. coal development from the
standpoints of demand, supply, production, transporta-
tion, environmental and socioeconomic impacts, and
America's position in the World coal market.

For analytical purposes, GAO selected two energy growth
scenarios representing possible high and low energy
demand ranges--the Bureau of Mines (high growth) energy
forecast through the year 2000, and the Edison Electric
Institute low-growth scenario. Actuc) energy demand
likely will fall somewhere between the two,

ot S'H: Upon removal, the report .
cover 8 shouid be noted hereon. 1 EMD~77-43



Wherever possible, GAO also used the coal projections
in the National Energy Plan, although they were not
available until near the end of the review.

HOW MUCH DO WE NEED (OR CAN WE USE)?

There is no hard, fast figure on how many tons of coal
the Nation needs by 1985.

The coal demand estimates that are available vary tre-
mendously. The Edison Electric Institute scenario calls
for 779 million tons annually by 1985, the Bureau of
Mines says 988 million tons, and the National Energy
Plan calls for 1.2 billion tons. (See pp. 2.41 and 4.1.)

Given the objectives of reducing energy imports and
protecting our dwindling oil and gas supplies, the

Nation needs all the coal it can possibly mine and burn--
without doing irreparable damage to the environmeat.

Why aren't we using more coal? The actual tonnage of
coal produced and used has increased through the years,
but has declined relative to other fuels. Coal is less
convenient than other fuels ané causes more harm to the
environment. Coal has not been as attractive as other
fuels for a number of reasons, including

-—uncertain envircnmental standards {(both land and
air),

--possible increased capital and operating costs
due to envir-ronmental control reguirements,

~—-transportation and storage problems, and

~-the apparent relative cost advantages of nuclear
power. (See pp. 2.1 to 2.5.)

GAC believes that a substantial increase in coal use will
occur. However, there are a number of obstacles that
will hinder doubling coal production and use by 1985,

The opportunities for greater coal use are discussed in
relation to:

~-Short- and long-term opportunities for coal use
in the electrical sector. (See p. 2.8.)

--Coal use in other sectors through direct burning
and synthetic fuel development. (See p. 2.23.)
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In the near term--the next decade or so--coal will be
used principally for electric power, and to a lesser
extent to provide steam for industrial purposes. Ip the
long term, depending on technological development and
the cost of alternative fuels, coal may be convert*ad
into gases and liquids and substituted for natural gas
and petroleum. (See pp. 2.3 and 2.4,)

The electrical sector has the best potential for coal
substitution. The 1973 oil embargo znd subseguent price
increases stimulated Government acction to force electric
utilities and others to switch from ratural gas and oil
to coal. (See p. 2.8.)

Under the Energy Supply and Environmental Coordination
Act, this conversica effort has noi: lived up to expecta-
tions. This is principally due to the difficulty and
cost in switching to coal and burning it in compliance
with clean air standards. GAO believes the provisicns
of the act could be Strengthened to expedite the fuel
conversion process., (See p. 2.8 to 2.12.)

More coal could be substituted for oil and gas by
increasing elactricity use ana efficiency. One possi-
bility is reducing peak load electricity demand by making
it more expensive than of f-peak electricity. Another is
improving coordination among power pools or other elec-
tric power exchange mechanisms. Another short-term
possibility is making electricity generation and use
equipment more efficient so that less energy is wasted.

Were all three of these actions to occur, electricity
could become much more attractive and electric utility
coal consumption could rijse substantially. This, in
turn, would aean an offset to U.S. oil imports. (See
pp. 2.12 and 2.13.)

Over the next 25 years, coal and nuclear power increas-
ingly will displace oil and qas for baseload electric
capacity. Hydroelectric and geothermal energy develop-
ment opportunities are limited and these sources are not
likely to pecome significant. (See p. 2.17.)

Until recently, utility expansion plans indicated that
nuclear energy was the apparent choice for baseloaa
electric power generation, because it was considered
least costly. (See p. 2.18.)
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The potential for nuclear power is less certain now than
it once was, however, beca._se there is a growing aware-
uess that previous estimates of nuclear power have been
too optimistic. 1In addition, recent moves by the admin-
istration to stop nuclear fuel reprocessing and defer
the fast breeder reactor further becloud the long-term
outlook for nuclear power. As utilities have reduced
their expansion plans, they have cancelled more proposed
nuclear powerplants than coal plants. (See pp. 2.18

to 2.23.)

in the resicential/commercial sector, there is not much
opportunity fcr direct coal use, but a large portion of
the increased energy use to 1985 may be from electricity
generated with coal in lieu of gas and oil. (See p.
2.24.)

The industrial sector has some potential for direct sub-
stitution of coal--as boiler fuel--but will mainly rely
on electricity. (See pp. 2.25 and 2.26.)

The transportation sector appears to be the least amen-
able to increased reliance on coal. This sector relies
on oil almost exclusively. Tie prospects for coal sub-
stitution here depend ca the

--cutlook for electric rail transport,

-—-growth of elecirified intra-city mass transit
cystems,

--outlook for the electric ~ar, and

--development of coal-based synthetic liquid fuels.
(See p. 2.26.)

Energy demand and coal's portion ure difficult to prcject
because of three variables--population and economic
growth; composition of national output; and the cost of
energy relative to that of other resource inputs. (See
p. 2.33.)

In its earlier report to the Congress, An Evaluation of
the National Energy Plan, GAO assessed the various admin-
1stration recommendations to increase coal use and con-
cluded that a lot more needs o be done. (See p. 2.40,)

The work GAO was then doing for this report raised
doubts about achieving the administration's goal of pro-
ducing and using 1.2 billion tons of coal annually by
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1985. Given all the physical, economic, environmental,
and public health considerations, it appeared to GA)
that producing and using even one billion tons per year
by 1985 would be very difficult. (See p. 2,40.)

GAO calcrlated that using the average Btu conversion
rate faccors used by _he administration, a 200 million
ton shortfall in 1985 would cause the need for an addi-
tional 2.3 million barrels of imported oil per day.
(See p. 2.40.)

Suhbsequently, using more appropriate conversion factors
which reflect each end wse where coal would substitute

for oil, GAO estirated . e oil shortfall noted above at
2,2 million bharrels of oil eguivalent per day. (See p.
2.40.)

Using this samw conversion factor analysis, GAO also
estimates that the oil eguivalency of the remaining one
billion tons of coal could be 1.1 miilion barrels of oil
2quivaient per day less than the aaministration's figures,
as shown ir the fuel balance tables in the Nctional Energy
Plan. (See pp. 2.41 to 2 i3.)

If this further difference implies a real world shortfall,
it would have to be made up in one of three ways: addi-
tional imports, increased dome-.:ic production from other
3ources; or increased conservation efforts. (See P.
2.43.)

If, on the other hand, the oil eguivalent nrvabers in

the National Euergy Plan simply reflect a mech nical

use ot an average conversion facior from detailed esti-
mates based on actual quantities, there would be no
shortfall. However, both supply and demand would be less
in barrels of oil equivaient using the GAO conversion
factors. (sSee p. 2.43.)

GAO believes its work raises questions about the oil
equivalent figures for other domestic energy sources,
which in turn raises guestions about the administra-
tion's total estimates regarding energy supply and
demand. While not part of this study, GAO is continuing
its analysis and will be reporting its findings to the
congress, (See p. 2.43.)



HOW _MUCH DO WE HAVE?

There are no hard, fast figures that policymakers can
rely on. Current data on coal resources and reserves
are extremely spotty and outdated,

The current "bhest estimate" says we have 3.9 trillion
tons of coal--1.7 trillion are called identifTed resour-
ces, and 2,2 trillion tons are called hypothetical
(undiscovered, resources., (See p. 3.1.)

Why are accurate data so important?

First, because coal is a finite resource and will not
last forever. Of the identified resources, 256 billion
tons presently are considered to be economically recov-
erable. That amount would last only about 74 years
under the Bureau of Mines high-growth scenario. (See
p. 3.1.) ’

Secondly, certain coal with highly desirable qualities
is much more limited in supply. For example, accurate
reserve data on metallurgical coal, essential in manu-
facturing steel, could affect policy decisions on
exporting it., (See pp. 3.16 and 8.1.)

Furthermore, coal varies greatly in terms of heat value,
pollutants, accessibility, and combustion characteris-
tics. For example, low-sulfur coal is desirable because
of air quality standards. However, most low-sulfur coal
is located in the Western States--considerable distance
from traditional coal consuming centers, (See pp. 3.5,
3.11, and 3.12.) '

Accurate reserve data on low-sulfur coal could affect
both air pollution regulations, and leasing decisions
for the vast Federal coal resources in the West. (See
pp. 3.10 to 3.14.)

GAO believes that more accurate coal recource and
reserve data are needed to permit sound public policy
decisions on what kind of coal to mine, where, and when.
Such data could be cbtained in several ways, including:
--Federal stratigraphic drilling and mapping.
--Tax =2r4 other incentives to coal companies for

subunitting accurate, uniform reserve data to
the Government. (See p. 3.22.)
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HOW DO WE GET IT?

We will mine it, of course, but it is not quite that
simple.

To achieve the coal production levels in the twe scen-
arios, we will have to

—-open 438 to 825 new mines,
=-recruit and train 288,300 to 531,600 new miners,

--manufacture enormous guantities of mining eyuip-
ment,

——come up with $26.7 to $45.5 billion in capital,
and :

==continue tn improve mining health and safety
conditions and increase pProductivity. (See pP.
4.1-) .

The coal industry may be hardpressed to meet these
requirements. However, GAO found that 11 major coal
producers believe the industry can double coal produc-
tion by 1985 and triple it by 2000 under existing con-
ditions, (See p. 4.16.)

This may be true, but GAO believes many things must
fall into place.

For example, mining equipment manufacturers will have
to £ill orders promptly, and coal producers must have

--Coal mining productivity (tons produced per
worker day) must improve. It has been declining
since 1969. (see PP. 4.5, 4.6, 4.24, and 4.25,)

--Good labor-management relations must be estab-
lished. (See pp. 4.27 to 4.31,)

—--New workers must be found and trained. This
includes mining engineers, (See pp. 4.21 to
4.24.,)

--Mining technology must be improved, (3ee PP.
4.25 and 4.26.)
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The declining productivity, especially in underground
mines, has resulted from many factors including:

--The 1969 Federal Coal Mine Health and Safety Act,
. which resulted in more personnel in the mines.

--The introduction of numerous inexperienced
nminers.

--Additional personnel required ver nunion agree-
ments.

--Unscheduled interruptions due to wildcat strikes
and absenteeism.

~=-Changes in mining conditions such as quality of
mine roofs, types and widths of coal seams, and
distances from mine entrances to the operating
faces. (See p. 4.6.)

Labor-management relations might be the most importanc
consideration, 1In years when a national agreement 1is
renegotiated, the lost time due to work stoppages 1is

considerable. 1In 1974, for example, eight percent of
the total worktime was lost. (See Pp. 4.28 and 4,29,)

The current national agreement will expire on December 6,
1977. This involves the United Mine Workers and the
Bituminous Coal Operators Association, Western Surface
Miners, and National Construction Contractors. A major
point of contention between union and industry at present
in the right to strike over local grievances. (See p.
4.30.)

Another major constraint GAO sees is the leadtime
required to open new mines. This can range anywhere
from 1 to 15 years depending on the location and type
of mine, (See pp. 4.10 to 4.12.)

HOW CAN WE GET IT TO
WHERE WE WANT IT?

Railroads carried 65 percent of this Nation's coal dur ing
1975, and they will continue to be the principal coal
transporters in the forseeable future. (See p., 5.3.)

Other transportation mcdes also will expand as part of
the total transportation system. However, these other
modes are ultimately limited by physical, economic, and/
or environmental constraints, (See pp. 5.1, 5.2, and
5.7.)
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The Nation's inland waterway system, for example, carries
over 100 million tons of coal each year, and is the
cheapest transportation mode., However, the system does
not directly serve many areas scheduled for major coal
development and is hindered by ice in the winter and the
physical capacity of its locks. (See pp. 5.28 to 5.30.)

Trucks cannot compete with railroads because of costs.,
A 1974 report to the Interagency Coal Task Force showed
truck costs per ton-mile to be five times higher than
railroads ($.05/ton-mile vs. §$.01/ton-mile). (See p.
5.5.)

Another alternative is to buila powerplants near the
mines and transport the electricity over extra-high
voltage transmission lines. A recent Bureau of Mines
study, however, found this to be about 30 percent more
expensive than shipping the coal on railroads, (See pP.
5.25.)

Coal slurry pipelines appear to be economically compet ' -
tive with railroads, but they are constrained by many
other problems. For example, pipelines require enormous
amounts of water at the point of shipment--a key con-
straint in arid western coal fields., There is also a
problem of disposing of the pipeline effluent at the
destination, (See PpP. 5.22, 5.26, and 5.27.)

Coal slurry pipelines also face a big legal hurdle in
trying to assemble rights-of—way. often over property
owned by the railroads. (See pp. 5.25 and 5.26.)

Obviously it will fall to the railroads to move the bulk
of any greatly expanded coal production. The railroads
are confident they can handle the amounts forecast in
the energy growth scenarijos and in the National Ener
Plan. They expect to move 95 percent more coal 1in 13%0
than they did in 1974, (See pp. 5.7 and 5.8.)

There will be problems, however, particularly in finding
enough capital to Purchase equipment and upgrade exist-
ing lines, (See PP. 5.15 to 5.17.)

A recent survey of the railroads showed the following
Planned investments to meet 1980 coal needs:
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Item Total Investment
(millions)

Hopper cars $2,900
Locomotives 665
Physical plant 1,559
Maintenance facilities 103

$5,227

Over half of this investment will occur in the western
rail district, (See p. 5.10.)

That $5.2 billion does not include the $4.9 billion,
10-year rehabilitation program for Conrail, the Federally
subsidized consolidation of insolvent eastern and mid-
western railroads. (See pp. 5.11 and 5.19.)

GAO concludes that the Nation's transportation system
can be expanded to meet expected needs. In part, this
conclusion reflects the transportation industry's confi-
dence that transport facilities can be put into place

as fast or faster than new mines can be opened and new
boiler capacity installed. (See p. 5.31.)

HOW CAN WE MAKE IT USABLE?

The environmental issue is paramount.

We cannot use one billion tons of coal in one year with-
out harming our environment, At least not with current
technology.

Tnis is a tradeoff. We are relinquishing some of our
environmental quality to reduce our energy imports and
extend the life of our dwindling oil and gas reserves.
The tradeoff is made in each step of the coal fuel
cycle--mining, transpcorting, and using., (See p. 6.1.)

The environmental problems fall into three general
categories

--problems we have been aware of for a long time
and have taken steps to control,

~--problems we have more recently become aware of
and are taking steps to control, and

--new problems on the horizon which we are just
beginning to study.



The first category pPrimarily deals with air pollution
caused when coal is burned. Beginning in 1963, the
Congress enacted a number of laws to control air pol-
lution, (See p. 6.2.)

The law most affecting current coal combustion is the
Clean Air Amendments of 1970, as amended. This law
directed the Environmental Protection Agency to estab-
lish minimum national air quality standards. Thig
resulted in primary and Seconaary standards being estab-
lished for various classes of pollutants. (See pp. 6.2
and 6.3.)

1zation techniques in Many coal-burning plants. These
techniques can help maintain our aijr quality, but they
are costly. (See pp. 6.3 to 6.5.)

GRAO estimates the cumulative additional capital costs

for controlling emissions to be §19.1 billion and $26.4
billion in 1985 and 2000, respectively, Annual operating
costs v uld be $1.3 billion and $2.3 billion in each
respect ve year. These costs will not be evenly distri-
buted across the Nation, but will vary widely by geogra-
phic region, (See pp. 6.5 to 6.8.)

The second category of environmental problems Primarily
involves adverse impacts from underground and surface
mining operations.

The major reclamation problem in surface mining is deal-
ing with surface disruption, (See P. 6.23,)

The Bureau of Mines scenario estimates that between now
ang 1985, surface mining annually will disrupt over 15¢
square miles of land. This means that each year we
will be digging up an area over twice the size of the
District of Columbia, (See PP. 6.34 and 6.35,)

The recent Surface Mining Control ang Reclamation Act
prohibits such mining in certain areas, and requir.:s

that surface-mined land be restored as hearly as prac-
ticable to its original contour. (See pp. 3.17 to 3.19.)

Underground mining poses somewhat different reclamation
problems. These include

=-controlling or preventing the land from sinking,

==controlling or abating acid drainage that can
pollute underground water,
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--disposing of waste materials mined with the coal,
and

--controlling or extinguishing coal fires. (See p.
6.23.)

These reclamation eftorts are neither easy nor inexpen-
sive, Under the Bureau of Mines scenario, total surface
and underground mining reclamation costs would be about
$1.,2 billion in 1985 and $1.9 billion in the year 2000,
This is almost as much as the annual cost of operating
emission control scrubbers. (See p. 6.32,)

The third category of environmental problems involves
those that have not yet been fully studied and for which
we cannot presently estimate all the potential conse-
guences. These include:

--Ennrmous quantities of sludge that accumulate in
air pollution control devices and which must be
disposed of. (See pp. 6.20 and 6.21.)

--Currently uncontrolled erissions from coal burn-
ing plants, including trace elements, particu-
lates, carbon dioxide, and waste heat. (See pp.
6.15 to 6.20.)

Scrubbers may be a key element in cleaning up air pollu-
tion from coal. But, they will give rise to a whole new
pollution problem--sludge. Under the Bureau of Mines
scenario, by 1985 the amount of sludge generated each
year could be about the same as the total municipal solid
waste produced in America in one year. (See pp. 6.20,
6.21, and 6.50.)

Coal combustivn also releases about 53 elements referred
to as "trace elements." These include mercury, lead,
beryllium, arsenic, and fluorine. Coal combustion also
releases minute "particulates” of soot and fly ash,

Both the trace elements and particulates are considerer
dangerous, but very little research has been done on
them, (See pp. 6.15 to 6.18.)

Another uncontrolled substance is carbon dioxide. 1Its
build-up in the atmosphere, accordir. to some experts,
causes a "greenhouse effect." This could eventually
cause global warming trends, and result in redistribution
of temperature patterns and rainfall levels. (See p.
6.19.)
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In the years ahead as we begin to use more coal, much
more will be heard about these developing environmental
problems,

HOW DO WE SOLVE THE SOCIAL PROBLEMS?

Increased coal production will eypand both the industry
and communities surrounding the cevelopment areas.

The newcomers will need public facilities and services
immediately, but the revenues to pay for them will not
be available--not until the powerplants, mines, and new
citizens begin paying taxes. (See pp. 7.1, 7.4, 7.30,
and 7.40,)

To meet this time lag, communities will need advance or
front-end financing. On a nationwide basis, these costs
might run as high as $4.4 billion by 1985, and another
$10.5 billion between 1985 and 2000. (See pp. 7.9 and
7.10.)

The biygest impact will be on sparsely-populated areas,
such as those in the West. The people brought to these
communities by the coal development projects may well
outnumber the original residente They will bring their
own social, political and moral values, and will change
the character of the communities. (See pp. 7.30 to
7.32.)

Through adequate planning and financing, the blow can

be cushioned, to be sure, but it will be a blow nonethe-
less, and the social fabric of the community will be
rent and another formed from it. (See p. 9.10.)

WHAT IS THE UNITED STATE'S POSITION
IN_THE WORLD COAL MARKET:

America's coal resources make up more than 25 percent
of the world total, and we are the world's largest pro-
ducer and expcrter. (See p. 8.1.)

Our 1975 coal exports contibuted $3.3 billion toward a
faverable balance of payments, Of the 65.7 million tons
exported that year, about 50.6 million tons (77 percent)
were used metallurgically by foreign steel manufacturers.
Over 86 percent of that was purchased by Japan, Canada,
and the European Economic Community. (See pp. 8.1 and
8.15.)

U.S. metallurgical coal is among the highest quality in

the world, and both domestic and foreign steel producers
want it for their steel making processes, (See p. 8.1,)
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Despite stronger competition from cther exporting coun-
tries, U.S. exports of metallurgical coal are expected

to increase from about 51 million tons in 1975 to

between 55 and 61 million tons in 1985, and between

70 and 77 million tons in 2000. (See pp. 8.13 and 8.14,)

Supplies of metallurgical coal are limited, however, and
data on its production, use, and export have not been
routinely collected by the Bureau of Mines. This has
led to some uncertainty about the quality of metallurgi-
cal coal exported, and whether these exports will hinder
U.S5. steel production, (See pp. 8.1, 8.13, and 8.15.)

U.S. steam coal, used by foreign utilities to generate
electricity, is not competitive and, except for Canada,
its exports are expected to increase only slightly,
(See p. 8.13 and 8.14.)

WHERE DO WE GO FROM HERE?

If coal is to help reduce our dependence on oil imports
and relieve pressure on our dwindling domestic natural
gas reserves, then certain Federal Government actions
will be necessary. The administration has already pro-
posed in the National Energy Plan a number of Federal
actions te increase coal use. These include

--a regulatory program requiring coal use by
utilities and large industries, with allowances
for exceptions;

--an oil- and gas-users tax and rebate/investment
tax credit system providing an economic stimulus
to convert to coal;

--an environmental policy for coal to achieve the
energy goals without endangering public health
or degrading the environment; and

—--a research program for coal conversion, mining,
and pollution control technology. (See pp. 9.13
and 9.14,) :

In its report, An Evaluation of the National Energy Plan,
GAO pointed out that the administratior 's plan deals

with some of the constraints to increased coal use, but
does not deal with transportation, productivity, and
other constraints to achieving 1.2 or even one billion
ton: of coal production and use in 1985. GAO noted the
need for
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—-capital to upgrade large portions of the Nation's
railroads, particularly in the Eastern States,
together with the need to expand existing
capabilities;

--congressional resolution of the rights-of-way
issue for coal slurry pipelines;

~-inproved labor relations to prevent disruptions
due to wildcat strikes, together with the need
for improved miner health and safety conditions,
recruitment, and training;

—-greater productivity;

—--accelerated Federal research to determine the
health and environmental effects of burning
greater amounts of coal; and

--less costly and more reliable technology to
control air pollution from coal burning facili~-
ties. (See p. 9.14.)

The coal industry's very short run capacity (a year or
so) is limited to what can be extracted through increased
production at existing mines (surge capacity). (See p.
9.15 to 9.17.)

S50 many interrelated elements would have to work to
double coal production by 1985, that GAQ does not believe
it could happen: to name only two, mining equipment manu-
facturers would have to fill orders promptly ard mining
companies must have the foresight and capital to be able
to open new mines when the added output is needed. (See
p. 9.14.)

During the period to 1985, coal is not only supply con-
Strained, but is also demand constrained in the sense
that utility and industrial users are not going to buy
coal if they cannot use it. There are long lead times
involved just in building and installing boilers at
existing plants, not to mention the lead times involved
in planning and building completely new coal burning
Plants. (See pp. 9.14 and 9.15.)

In the medium term (1985-2000), coal is demand-con-
strained. The possibilities of direct substitution for
oil or gas are very limited on an economy-wide basis.
The prospect for indirect substitution by coal-generated
electricity, while more promising, is limited too by
economics and the current state of industrial and trans-
portation technology.
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Over a longer term (beyond 2000), coal seems to be both
supply-constrained, especially in terms of low-sulfur
and metallurgical coal, and demand-constrained. GAO
believces that the very long-term prospects for increased
coal demand ride upon the hope of coal gases and liquids
becoming environmentally-safe and economical. (See p.
9.15.)

These, ther, are the physical and economic limits of the
coal solution.

If maximum coal output and consumption can be achieved
within these limitations, the tradeoffs will be costly,
particularly in terms of human life and disease. These
tradeoffs can only be considered tolerable when viewed
in the broadcr context of the Nation's inadequate oil
and gas resources as well as the risks and limits of
nuclear pcwer., (See p. 9.15.)

Indeed, the coal tradeoffs are important enough to
reemphasize the need for vigorous energy conservation--
not 2s an alternative to coal, but to temper somewhat
coal's very high social and economic costs. (See p.
9.15.)

Because of the long leadtimes to translate Government
policy and action into actual coal production and con-
sumption, GAO believes it is realistic to assume that
government policies set in msotion now will have some
erfect by 1985, but the greater impact will be in the
1985-2000 period. (See p. 9.15.)

With all the constraints, however, increased coal use in
absolute terms will still be substantial., Electric util-
ity plans through 1985 call for an increase of over 300
million Zons. Given all the constraints, this is prob-
ably on the high side, but it is unclear how much. Indus-
trial use will increase also, but more slowly. (See p.
9.17.)

There is no guestion that coal will supply a large part
of the Nation's energy future. So will foreign oil ang
nuclear power. Natural gas will decline and probably
have to be restricted to optimum end uses such as home
heating, etc.; domestic il will decline. Solar energy
will increase slowly, as a complement to other fuel
types, (See p. 9.17.)

On the demand side, cthe best answer to the Nation's

enerdy bind is conservation, through increased effi-
ciency and decreased use, (See p. 9.17.)
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Agency Comments

A draft of this report was provided to numerous Federal
agencies for their review. The agencies generally agreed
with the report, and their comments were considered 1in
preparing the firal report.

A copy of the final draft was proviued to the Energy
Policy and Planning staff in the Zxecutive Office of
the President, The staff's only major area of substan
tive disagreement is with GAO's conclusion that it will
be very difficult for this Natiun to produce and use
one billion tons of coal annually by 1985, The staff's
comments are included at page VIII.1, GAO's evaluation
of those comments begins on Page 9.17.
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CHAPTER 1
INTRODUCTION

WHAT 1S THE PROBLEM?

In late 1973 and early 1974, the international 0il cartel
quadrupled the price of crude o0il; in addition, the Arap
nations within the cartel temporarily withheld oil shipments
to the United States. These actins--one economic, the other
political--made it very difficult to 1yaore for any longer
the unpleasant facts about U.S. domestic oil supply. U.S,
proved oil reserves and production had, indeed, been decliring
since 1970. The Nation had relied increasingly upon o0il
imports to fill the gap between dwindling domestic oji,. sup-
Ply and growing domestijc consumption.

The lesson to be drawn from those international events
was simple enough: imported oil is vulnerable--to interrup-
tions in supply and to large price increases. And given this
premise, the policy consideration is easily agreed upon: How
can the United States become less dependent on oil imports
to meet its energy needs?

But from here on, nothing is simple or easy. The United
States is even more reliant on o0il imports today than it wag
in 1973-~0il imports account for 42 percent of U.S. oil con-
sumption, compared with 35 percent 4 years ago. This is a
tribute to both the complexity and short-term intractability
of our energy system as well as to the difficulty our politi-
cal institutions have in grappling with ther. Energy policy
decisions inevitably cut across many deep-seated special
interests-~regional, economic, and environmental--and the
result is political conflict which is especially difficult
to resolve. Decisions about coal are no exception,

IS COAL THE ANSWER?

Coal is part of the answer. That there is renewed
interest today in coal as an alternative energy source whose
increased development might reduce United States reliance on
imported oil is due to coal's principal, pPerhaps only
attribute--there is a lot of it, Coal is dirty; it is bulky;
it seldom occurs where YOU need it; and it varies widely
in quality, in terms of chemical impurities, heat content,
and combustion characteristics. At every stage of its
development, coal has problems--in mining, refining,
transporting, storing, and burning. It is not surprising,
therefore, that coal demana has been declining relative
to other energy sources, especially oil and natural gas,
for the past 15 years, 1n 1950 coal met 34 percent of
the United States' total energy demand. By 1%75, it had sunk
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to 17 percent, Commercial, household, and transportation
uses of coal have dropped to almost nothing. 1In industry,
coal declined from 46 percent of the energy consumed in
1950 to 19.5 percent in 1975. Only in the electrical
generation sector has coal held its own, In 1950 some

45 percent of the energy consumed by electric utilities
came from coal. 1In 1975 it was just a point lower

--44 percent.

From the standpoint of national energy planning, coal
poses some special problems, the foremost of which is that
coal is not readily substitutable for oil. 1In transportation,
which accounts for 53 percent of U.S. oil consumption, it is
not currently substitutable at all; its transportation poten-
tial lies with development of electric locomotives, and
light, short distance road vehicles, and possibly some
synthetic liquid fuels from coal in the future. 1In space
heating and air conditioning, the substitution possibilities
are usually indirect--oil is replaced by electricity, some
of which is generated in coal-fired plants. In the industrial
sector o0il boilers can be replaced with coal boilers, but it
is expensive and because of the inherent disadvantages of
coal--bulk and dirt--industries tend to substitute electricity
for oil instead. 1In the future, synthetic gas and liquids
could supplement supplies of the industrial and residential/
commercial sectors if the econcmic, technological, and politi-
cal problems are resolved. Even the most promising area for
direct substitution of coal for oil-~-the electric utility
sector--is fraught with uncertainty. To date, utilities have
not reconverted many oil-fired pla .ts to coal. There are
several reasons for this reluctance including the high cost
of capital in general, the capital cost differential between
oil and coal plants, the greater cost of pollution control
for the coal plant, and the nuisance factor of handling coal
compared to otl.er fuels.

For electric utilities to expand coal use, they need
stability of coal supply and use conditions over the life of
their generating stations in order to make affirmative coal
decisions. Similarly, coal producers and transporters
require long-term commitments for the development of mines
and transportation systems. Factors of stability include
the environmental conditions, cost, and associatea technology
under which coal ic mined, transported and burned. Federal
and State air pollution controls have been in a state of
flux since 1968. Air pollution legislation has forced utili-
ties into long-term technology investments for which they
question the reliability and permanence. Major changes in
State severance taxes can also add to the uncertainty of
long-term investment decisions made by utilities, mining
companies and transporters of coal.
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Further, it takes time if the utility decides, in spite
of the uncertainties, to substitute coal for o0il, It takes
5 to 10 years to plan, build, and make operational a coal-
fired powerplant, (For a nuclear powerplant, which aiso is
subject to uncertainties, it takes even longer--10 to 13
years.) In other words, plans started today for new capa-
city to increase coal's share of the electricity generation
market by replacing oil cannot have any impact on oil imports
until at least 1982.

There is no question, however, about coal's abundance.
U.S. coal reserves contain three times as much potential
energy in Btus as Middle East oil reserves., Even under high
projections for coal demand, U.S. domestic coal supplies
should be adequate for at least another 70 to 80 years and
maybe longer at comparatively reasonable prices.

Coal is presently mined in seven coal mine provinces
which can be grouped roughly in three broad geographic regions,
The Eastern region, the oldest coal producing area in the
Nation, encompasses most of the Appalachian States. Bituminous
coal found and mined in this region, generally characterized
by high heat value, includes valuable metallurgical or coking
coal prized by the steel industry here and abroad. 1In fact,
most of the U.S. coal exports, which annually account for about
11 percent of total U.S. coal production, come from this region.
The sulfur content of this region’'s coal varies, but only
about 20 percent of available deposits are estimatea to meet
sulfur content requirements of the Clean Air Act,

Moving west, the Ohio, Illinois, and Indiana area has
large deposits of bituminous coal, unfortunately with high
sulfur content. 1Its current market as a fuel for utilities
is limited, primarily because of air pollution regqulations,
Surface (strip) mining is dominant in this region,

Most coal reserves of the United States are found in the
Western coal region. These large reserves of the subbituminous
and lignite varieties have a relatively low heat value but
also a low sulfur content. Thick seams close to the surface
make cheaper stripping methods the logical technigue of
mining. It is here that large-scale new coal development is
expected to occur.

WHAT ARE THE TRADEOFFS?

Energy policy decisions relate to certain broad national
goals

--reliability of supply,



--efficient resource allocation,
--minimum environmental damage,
~--independence of foreign policy,
--equitzble distribution of costs, and
--economic growth.

Cur starting point is the first energy policy goal--
reliability of supply. Specifically, can the Uuaited States
achieve reliability of energy supply through increased depend-
ence on domestic coal? And egually important--what are the
costs--human, environmental, economic, and social--of increas-
ing coal production? Can these costs be mitigated?

We have attempted in this report to identify those costs
which cannot be fully mitigated; this is crucial for it is
the only way the tradeoffs can be weighed. For example,
some farmland which is stripped for coal and then carefully
recovered to close to its former condition, may not regain
its original productivity per acre. Is this irreversible cost
worth the contribution made to reliability of supply?

For another example, there are certain irreversible human
costs to achieving this goal. Underground coal mining is the
most dangerous occupation in the United States. However
vigorously health and satety regulations are pursued, in a
mining operation some miners are going to get black lung
disease (pneumoconiosis) or mee: with accidents, many fatal.
This is another tradeoff for greater reliability of supply.
or for another example, increased coal development in
Sweetwater County, Wyoming, will inevitably change the
fabric of that area's way of life--it will become noisier,
more impersonal, and less relaxed, regardless of the socio-
economic countermeasures which are implemented. This is a
tradeoff for greater reliability of supply.

ror further example, increased coal consumption will
lead directly to increased levels of small particulate pollu-
tion brncause, as yet, there exists no known technology for
control on a large scale. According to public health experts,
small particulate pollution increases the incidence of
respiratory disease. This is a tradeoff too--increased
reliability of supply through increased coal production
is acrieved and one of the expenses is diseased lungs in
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an indeterminable number of persons, Finally, to what degree
should supply reliability through coal development be achieved
in relation to the other major alternatives--particularly
nuclear power, energy conservation, and the renewable energy
resources (solar, geothermal, fusion)? 1It is only through

a consensus reached on these kinds of tradeoffs thet energy
decisions can be made.

WHAT ARE THE ALTERNATIVES?

The means of attaining energy policy goals have been the
subject of debate in the administraticn, the Congress, and
the Nation. Energy legislation enacted since the internationai
oil crisis includes the Emergency Petroleum Allocation Act,
the Federal Energy Administration Act, the Energy Supply and
Environmental Coordination Act (ESECA), the Energy Reorganiza-
tion Act, the Energy Policy ana Conservation Act (EPCA),
the Energy Conservation and Production Act (ECPA), and,
recently, the Surface Mining and Reclamation Act of 1977 and
the Department of Energy Organization Act. President
Carter's National Energy Plan is a further step in the direc-
tion of identifying national energy problems, goals, and pro-
grams. All these measures constitute a partial framework in
which & national energy policy can be pursued. But ultimate
decisions have yet to be made concernirg the role of conserva~
tion, an acceptable level of foreign oil imports, the use of
coal, research and development for synthetic fuels and
renewable energy resources, the long-term future of nuclear
power, and the balance to be struck between the various
energy policy goals--supply, environment, efficiency,
foreign policy, equity, and economic development, 1In other
words, many energy steps taken to date are in the right
direction and are not inconsequential, but given the unresolves
issues and the dimensions of the problem we are still very
far away, indeed, from implementation of a full-fledged
national energy policy.

A plethora of unresolved energy problems, such as air
poliution (including the increasing carbon dioxide loads in
the atmosphere), oil imports, and nuclear waste build-up,
still confront us. The potential for saving Btus by more
efficient end use of energy is sufficiently large that it
alone coula substantially reduce the magnitude of these
unresolved, energy supply problems.

There are many levers available to the Federal Governmensg
if it chooses to favor a given energy option such as energy
conservation. Through regqulations, the Government can reqguire
that energy efficiency performance standards be met for cer-
tain products. Through the tax system, the Government can
provide incentives for the installation of more energy
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efficient systems. The Government can also subsidize eneryy
conservation--through direct payments to help meet the capi-
tal costs of more enerqgy efficienc systems or through support
of development and demonstration of conservation technology.

An equally wide variety of levers is available to the
Federal Government if it chooses to push the coal option but
at the same time gets involved directly in trying to mitigate
the human, environmental, and socioeconomic costs of increased
coal production., The Government could, for example, national-
ize the coal industry, as most other Western industrialized
countries have done. Great Britain is an example. By nation-
alizing the coal industry, the Government assumes direct
responsibility for controlling coal's consequences and for
coal's future capital investment. Whether or not the Govern~
ment's relative success, if any, in this regard would be
worth the tradeoff of diminished free enterprise is another
matter. We have not seen evidence in our review to support
such a conclusion. A variation on the nationalization
approach is being tried in West Germany where the government
consolidated the coal industry into three operating companies
under the control of a semipublic holding company. The
West German government provides substantial direct subsidies
to the industry while at the same time taking part in the
industry's decisionmaking process by having public repre-
sentatives on all key industry executive boards.

Near the other extreme, the Government could rely soleiy
on its tax powers to tilt the energy market in coal's favor.
It could, for example, raise coal's 10 percent depletion
allowance as well as raise the ceiling on the amount of
income to which depletion can be applied--currently depletion
cannot exceed 50 percent of a company's income. Actions
such as these would make coal more competitive, though not
necessarlily more economical. Alternatively, it could,
for example, put a $5 tax on every barrel of imported
oil, or lower the uranium 20 percent depletion allowance.

In addition, the Government could use its taxing powers
to discourage adverse environmental effects on coal consump-
tion. It could, for example, place a graduated tax on the
amount ¢f pollution emitted by utilities.

Another option the Government could take is to pay for
the pollution control devices needed to make coal as
competitive as possible from an environmental standpoint.
Still another option, very controversial, would be to recon-
sider the present sulfur limitations.
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The Federal Government currently relies almost exclu-
sively upon its power to regqulate in order to mitigate the
consequences of increased coal production and consumption,
especially in the areas of miner safety and health, air
pollution, and strip mining on public lanas.

At present, there are so many different Federal puvlicies
that affect coal's development, many of which seem to work
at cross-purposes. It is literally impossible to say whether
their net effect is to encourage or discourage coal develop-
ment. For example, the Federal Government encourages coal
in relation to oil or natural gas by subsidizing a greater
portion of its research and development. On the other hand,
the Government discourages coal in relation to oil by pro-
viding oil with certain tax advantages such as the foreign
tax credit. In the opposite direction, the Government
provides a substantial indirect subsidy to coal by paying
a pension to miners who have contracted pneumoconiosis.
This kind of back-and-forth analysis could go on and on.
We do not try to address all of these options in this report,
but we do attempt to deal with the more important ones.

One conclusion can be drawn. It is clear that the enerqgy
market in which we find ccal today bears only the slightest
resemblance to the classical economic model of a free market.
For better or worse, Government decisions influence the
future of this industry every bit as much, if not more, than
do the individual, microeconomic decisions of the market's
private sellers and buyers. Government decisions affect
everything from the rate a railroad can charge for hauling
a ton of coal from Montana to Chicago, to the sulfur content
of coal which a Chicago utility is allowed to burn.

President Carter's National Energy Plan relies heavily
on regul-.tory, economic, environmental, and research and
develor.uent policies to stimulate expanded use of coal to
help .ill the growing gap created by (1) rising energy demand
and (2) relatively stable or declining production of domestic
oil and gas.

The administration estimates that the plan would increase
the use of ccal in 1985 to 1.2 billion tons. Without the
plan, the administration estimates that coal production will
reich 1 billion tons in 1985. The administration's plan
proposes

-—a regulatory program to require coal use by utilities
and large industries.



--an oil- and gas-users tax and rebate/investment tax
credit system to provide economic incentives to
convert to coal;

--an environmental policy for using coal to minimize
risks to public health and environmental damage; and

—--a research program for coal conversion, mining, and
pollutijion control technology.

These proposals are assessed in an earlier GAO report
entitled An Evaluation of the National Energy Plan. 1/

Altheugh the administration's plan deals with some of
the constraints to increased coal production, it does not
deal with transportation, productivity, and other constraints
that will, in our opinion, make the achievement of even
1 billion tons of coal production in 1985 highly unlikely.

WHAT'S IN THIS REPORT?

This report discusses the implications of reaching coal
production and use levels of about 1 billion tons by 1985 and
1.5 billion tons by 2000. Our work indicates that there are
many tradeoffs that must be accepted and many problems that
must be resolved to achieve these levels, Some of the trade-
offs have been pointed out above. In our earlier report to
the Congress, An Evaluation of the National Ener Plan, we
identified a number of problems that wou.d need to be resolved
in order to reach the coal production and use objectives of
the administration. These problems include the need for

--capital to upgrade large portions of the Nation's
railroads, particularly in the eastern States, to-
gether with the need to expand existing capabilities;

~=congressional resolution of uncertainty concerning
the issue of rights-of-way fol slurry pipelines;

--improved labor relations to prevent disruptions due te
wildcat strikes, together with the need for improved
miner health and safety conditions, recruitment, and
training;

*Note: Numbered footnotes to ch. 1 are on p. 1.14.
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—-greater mancower and eguipment productivity;

--accelerated Federal research to determine the health
and environmental effects of burning greater amounts
of coal; and

--less costly and more reliable technology to control
air pollution from coal burning facilities. 2/

These ana other problems are discussed further in the
main body of this report.

This report synthesizes existing literature and informa-
tion on the coal energy supply option and addresses the areas
of coal demana, resources, and production, as well as the envi-
ronmental, socioeconomic, and international implications of
coal development. The report is intended to be a reference
document as well as an identification of the principal problems,
tradeoffs, and alternatives to assist the Congress and other
decisionmakers in formulating a national energy policy.

In performing the study, we researched literature on the
subject and discussed coal development problems with represen-
tatives of numerous Federal agencies including the Departments
of the Interior, Transportation, Labor, and Agriculture; the
Energy Research and Development Administration; the Interstate
Commerce Commission; the Federal Energy Administration; the
Environmental Protection Agency; the Federal Power Commission;
the Federal Trade Commission; and the Office of Management and
Budget. We met with representatives of various State agencies,
institutions of higher education, coal producers, coal mining
equipment manufacturers, coal transportation companies, coal-
related trade and union organizations, electric utility
companies, and coal exporters. 1In addition, we discussed
international implications of U.S. coal production with repre-
sentatives of the Organization for Economic Cooperation and
Development in Paris.

In the following chapters, we have used two long-term
energy scenarios as analytical tools~-the BRureau of Mines
study, United States Energy Through the Year 2000 (Revised) 3/
and the Edison Electric Institute low-growth case from 1ts
study, Economic Growth in the Future. 4/ We also have nseaq
projections from other sources, including President Carter's

National Energy Plan in some cases.




Table 1 summarizes the two scenarios we used. Comparative
analysis of these projections, however, requires a strong worgd
of caution. Each scenario was performed at different times,
using different assumptions abnut economic growth, prices,
Government policies, demand elasticities, and so on. They
serve to give us a feeling of the overall parameters of ex-
pectation in this area; we do not view either of them as the
"right" projection. The real world will undoubtedly €fall
somewhere between the two with a mix of fuel supplies and
demands somewhat different than both.

These scenarios do not show regional coal supply and
demand projections, but rather Ppresent gross national numbers,
For purposes of our study, we wanted to disaggregate the gross
numbers on a regional basis. For this regional analysis, we
assumed that (1) all future mine openings and agditions pro-
jected by the coal industry up to 1985 would actually occur,
(2) the coal required to be replaced from mine retirements
for the period 1975-1985 would total 137 million tons, and
(3) heat content for all coal mined in a particular State
would remain constant. 1Industry data on coal mine expansion
is not available after 1985. To make projections for the year
2000 under these circumstances, we further assumed that (1)
any necessary deletions or additions required to meet the sce-
nario levels in 2000 would be made based upon each State's
proportional contribution to the estimated total U.S. mining
capacity in 1985 and (2) the proportion of underground and
surface coal production would remain at the same level after
considering all mine capacity additions and deletions in 1985,

For coal demand in the electric atiliiy sector, we assumed
that (1) all plants which were designed to use coal as a boiler
fuel would use coal, (2) new plants will come on-line as
scheduled, (3) plant retirements will occur at an annual rate
of 2.5 percent, (4) 1975 heat rates, i.e., Btus required to
Produce 1 Kilowatt hour of electricity, for geographic regions
will continue. (5) coal-fired plants will continue to operate
at 46 percent capacity in 1985, but in 2000, capacity utiliza-
tion will increase to 60 percent, and (6) any necessary addi-
tions required to meet scenario levels in 2000 will be made
based upon each region's proportion of the new total additions
during 1975-85.
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In this report, we attempted to stanaardize our reporting
on a three-region geographic basis--Eastern, Central, and
Western. When we began to accumulate our source information,
however, we disccvered that a consistent presentation was not
entirely possible because the source data included diverse
geographic areas--one State only, Southeastern Appalachian
States, Rocky Mountain States, or other combinations. 1In cases
where the source data permits, we present the information
on a three-region basis; otherwise, we present the information
as it was originally developed.

In preparing this report, we received comments from a
varied group of consultants knowledgeable about coal and
related areas. This di.>rse group included individuals
in the fields of economi~s, finance, and geology as well as
those with experience in coal production and environmental
matters.

A draft of this report was reviewed by various Government
organizations. Their formal comments have been recognized
in finalizing the report. The organizations include:

--Department of Labor.

--Da2partment of the Interior.

--Department of Transportation.

-~Departmenct of the Treasury

--Energy Research and Development Administration.

--Environmental Protection Agency.

-~-Federal Energy Administration.

-~Federal Power Commission.

--Interstate Commerce Commission.

-~Tennessee Valley Authority.

--Office of Management and Budget,

--Department of Commerce.

In the chapters which follow, we first discuss the demand

for coal in the various economic sectors. This is followed by
an analysis of coal res-<rves in chapter 3. The next two
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chapters present data on coal supply and methods for trans-~
porting it tc¢ relevant markets. Chapters 6 and 7 discuss the
environmental and socioeconomic constraints associated with
coal usage and supply. Chapter 8 discusses U.S., coal in
foreign trade. Chapter 9 presents the principal conclusions

of the report. Several special considerations are discussed
in the appendices.
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CHAPTER 2

HOW MUCH DO WE NEED?

Energy fuels serve two separate categories of needs.
A consideration of these needs (along with the types and
forms of fuels suitable for them) is necessary to form a
reasonable projection of the demznd for coal and the cap-
ability of coal to supply energy needs under present and
expected conditions.

One category of fuel need involves the transportation
sector-~automobiles, trucks, railroads, airplanes, and ships,.
Coal once fueled some of these transportation modes, but no
longer does. Synthetic liquid fuel from coal is not a likely
short-term reality, but may be a source of transportation
fuel in the future. There are some other potential
opportunities for coal in this category, in the form of
electrified mass transit systems and the electric automobile.

The second need category is for stationary combus-
tion plants, such as electric utility generating stations,
and commercial and industrial heating systems. In this area
coal has the capability to replace oil and natural gas--to
some extent in existing plants, but more importantly for
new growth.

This chapter focuses on determinants and opportunities
for greater cocal demand between now and 1985, and 2000. 1t
considers future demand as assumed in LWO scenarios selected
for analysis, as well as the future demand assumed in the
Natinonal Energy Plan.

In relative terms, coal demand has been declining for
more than half a century. 1/ Even as late as 1950, coal
supplied 20 percent of energy in the transportation sector,

36 percent in the household/commercial sector, and nearly

50 percent of fuel in the industrial sector. 2/ However,

by 1975 coal was no longer a significant factor in either

the transportation or household/commercial sector, ana its
share of the industrial sector was 22 percent and apparently
declining. 3/ In the meantime, coal's share of the electrical

sector egualled roughly 44 percent, down from 53 percent a

Note: Numbered foctnotes to ch. 2 are on pp. 2.47 to 2.53 .
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decade earlier.* 4/ Despite this historical trend away from
coal, many policymakers view coal as a major substitute for
other fuels, particularly imported oil.

What are the determinants and opportunities for greater
coal use? These matters are discussed in the following four
sections:

--A perspective on coal use in the overall energy market.

--Substitution of coal for other fuels in the electrical
sector.,

~-—-Substitution of coal for other fuels in other sectors,
through direct burning and synthetic fuel development,

--Implications of coal use for widely different energy
needs and use patterns.

The discussion on fuel substitution focuses on the pos-
sibilities of increased coal use in various sectors of the
economy, leaving fo. later discussion the implications of
varying overall eneryy needs. The section on the electrical
sector has two main parts, The first focuses on what appears
possible regarding short-term increases in coal energy inputs,
The second part examines present planning for coal use over
the next decade or so. The discussion in this and other
sections emphasizes prospective coal use in the period <o 1985,
though we do consider some developments to 2000. This emphasis
on the next eight years principally reflects the state of
available knowledge and data.

In the third section, we discuss the implications of coal
for diverse energy needs and use patterns and we note that
past efforts to forecast these patterns have not been very
successful, The purpose of this section, however, is not
to predict, but rather to explore the possible range of coal
use patterns in the context of varying energy needs. To do
this, we chose scenarios for consideration which vary widely
in terms of total energy growth, as well as in the mix of
fuel supply.

Our main observation is that coal use will increase
significantly in absolute terms due to the expanding energy
market but it may not gain a larger percentage share of
that market than it now has. Present and prospective

*Of course, in absolute terms, coal experienced modest growth,
especially in the electrical sector.
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circumstances do not inevitably lead to greater relative
coal use. While coal is comparatively inexpensive in terms
of heat content, the true economic cost of burning coal must
take into account the costs of transportation, distribution,
handling, and pollution control,

Thus far, decisionmakers and forecasters have been
acting as if a shift to coal from other fossil fuels may not
occur, To change this outcome, substantial changes are
needed in coal's relative attractiveness as an energy input,
Over the next decade or so the chief determinants of coal
use for electrical power generation will be (1) pollution
control costs and (2) development of cheaper, more flexible
transportation of coal in raw form or as electricity, etc.
In the longer perspective the potential for further coal
development will depend on whether it can be economically
manufactured into gas or liguids. Such technological improve-
ments wouid have dramatic consequences for coal demand in both
the intermediate and longer terms. A consensus of energy
forecasts, however, reflects doubt that such developments
will occur. For the period beyond 1985, the most important
variables affecting coal demand are the rate and direction
of technological changes for coal and the competition with
nuclear power, not the trend in total energy needs,

A PERSPECTIVE ON COAL USE IN
THE _OVERALL ENERGY MARKET

Coal is by far our most plentiful fossil fuel energy
source under present technological capability. 01l shale
is plentiful but not usable with existing technology. For
the next several decades coal and nuclear energy offer the
best hope of reducing our dependence on overseas energy
sources, and of conserving our dwindling supplies of natural
gas and petroleum for uses to which they are today uniquely
suited, However, there are disadvantages to the greater
use of coal, and some believe for environmental and health
reasons that every effort should be made to restrict its use,

To determine the probabilities of how great the demand
for coal will grow in the next decade and beyond, it is
helpful to examine the factors which have influenced choices
between competing fossil fuels--coal, o0il and natural gas--
in the past, and then to determine to what degree each of
these factors will contribute to fuel decisions under current
economic, environmental, sociral, and international conditions.

It is also necessary to compare the extent of demand
fluctuations between these fuels in recent years, and to
study the r=2lationship which each has to the other~-both in
total demand and in the competitive process.
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Coal was the initial fuel (after wood) for stationary
uses, as it was also for running railroads and steamships,
and it retained its dominance until about the end of the first
third of the twentieth century. Then, for various reasons,
a rather massive movement toward residual oil for large
furnaces and steam turbines, to distillates or light heating
oil for homes and other small heating plants, diesel oil for
railroads, and natural gas for everything from residential/
commercial heating to industrial and utility use took place
from the end of World War II through the 1960s.

All in all, the demand for coal, once the Nation's
principal energy source has been declining relative to
other fuels for about half a century. Why did this happen?

The causes for coal's relative decline include the
development of means to capture and transport cleaner and
more convenient fuels, notably natural gas, and the demise
of both coal-fired locomotives and furnaces in residences,
However, these events may merely be symptoms of a more
fundamental deficiency of coal.

Coal is the least convenient fossil fuel. It is bulky,
causing difficulty in handling, storing, or transportation,
It creates problems when extracted and when burned. Indeed,
efforts to develop coal slurry Pipelines and make synthetic
fuels from coal can be viewed as attempts to make coal as
much like oil and gas as possible. Aside from use in metal-
lurgical production processes, coal will be consumed only
when its costs are sufficiently below those of other alter-
native fuels to outweigh its disadvantages, or when the
national interest clearly reguires it as against greater
use of foreign o0il and scarce domestic oil and gas. 5/

In the last several decades, coal use has become pro-
gressively more concentrated in the electric utility sector,
as shown in table 1. Table 1 shows some other interesting
features in the part that coal has played in the Nation's
energy picture. Domestic demand for coal dropped to less
than 400 million tons by 1960. However, because of rising
needs for electiic generation during the past 15 years,
with coal still the favored fuel in that sector, total domestic
demand rose steadily from 398 million tons in 1960 to above
600 million tons by 1976. 1In this same period, total utility
coal demand climbed from 179 million tons to 457 million,
However, as shown in table 2, coal's total share of the
utility market declined from 52 percent in 1960 to 44 per-
cent by 1975. Also, referring back to table 1, coal's
share of the total U.S. energy market declined from 38 per-
cent in 1950 to 23 percent in 1960 and to 19 percent in 1976,



Table 1

Domestic Coal Consumption--1950-76

1950 1960 1970 1973 1975 1976

Total domestic
coal demand 494 398 524 562 561 602

Demand by User Sectors

Electric
utiIltigg (tons) 93.9 179.2 234.9 387.8 415.) 457.5
19% 45% 62% 69% 74% 76%

Other steam (tons) {(a) 127.4 94.3 73.1 56.1 54,2
32% 18% 13% 10% 9%

Metallurgical (tons) (a) 87.6 99,6 101.2 89.8 90.3
22% 19% 18% 16% 15%

Coal's Share of Total U.S. Energy Use

All uses (note b) 38 23 19 1§ 18 19

a/Not available,
b/Exports not included.

Currently, more than 70 percent of all domestic coal con-
sumption is used as boiler fuel for electric power generation,
It is the single most important fuel in the electrical sector,
Even here, however, its position has not been uncontested,

During 1962-69. the average cost of fossil fuels to
utilities exhibited a downward trend relative to the deneral
level of prices, ©Daring this period coal enjoyed approxi-
mately a 23 percent cost advantage over oil. 6/ Despite this
advantage, nearly 29 thousand megawatts (MW) of coal-fired
capacity was converted to oil during 1965-72. 7/ Furthermore,
during the 10-year period ending in 1973, less than one-third
of new electrical generating capacity was coal-fired. 8/ In



general, the shift to residual fuel o0il* was greatest after
1966, when import controls were effectively removed on the
East Coast.** 9/

The relative decline of coal use in the electrical
sector is summarized in table 2., Even in absolute terms,
total coal consumption grew by only 67 million tons during
1950-75, 10/ an annual growth rate of only 0.49 percent.

Table 2

Electric_Generation by Energy Source

Coal Nuclear 0il Gas Hydro/other

—————————— (Percent of total Btus)=—=-—=—————aa
1955 52.8 - 7.3 18.1 21.3
1960 51.5 - 6.8 21.6 20.1
1965 52.8 0.3 6.5 21.6 18.6
1970 44.7 1.4 12.9 24.7 16.3
1975 44.0 8.2 16.4 15.8 15,6

Coal, therefore, entered the 1970s being seriously
challenged in its most important remaining market. The
challenge was three-pronged: (1) other fossil fuel prices
were stable or trending downward relative to coal, (2)
stringent air pollution control requirements were being
developed which increased total user cost when burning
coal, and (3) large-scale nuclear installations appeared
to offer significant cost-savings for baseload electric
power generation.

The oil price revolutiorn of 1973-74, along with
increasingly difficult circumstances involving the use
£ natural gas as a boiler fuel for powar generation,

*Residual fuel oil is the main type of oil product used by
utilities.

**The switch after removal of import controls may have
reflected, in part, apparent trends toward stricter clean
air standards,



appears to be reducing two threats to continued coal use.
The extent of coal's future as an energy source is still
uncertain, however. In the next decade or so, as in the
recent past, jits future rests primarily on developments
associated with electric power generation and consumption,
Continued or increased acceptance of coal as an energy
input will hinge on the cost of making it environmentally
acceptable in terms of current and prospective standarc s
and how these costs compare to costs associated with other
electric generation options.

The most severe current environmental challenge to
coal use relates to the control of sulfur oxides. Coal
burning powerplants account for as much as one-half of
all sulfur oxides emitted nationally. No easy control techni-
ques are available. Stack gas scrubber technology is advancing
slowly. Increased reliance on low-sulfur coal has shifted
some demand from traditional producing centers, in the
East and Midwest, to new mines in the West. Currently,
however, nearly 50 percent of all coal consumption for
powerplant use is out of compliance with existing
clean air standards. 11/

Current coal costs for power generation compare very
favorably with those of oil. Data in table 3 show that in
1973, coal cost one-half as much as fuel o0il in the electrical
sector. Although gas had been even cheaper than coal, except
for the major gas producing States few utilities were able
to obtain gas for use as a boiler fuel. Price movements since
1973 appear to favor coal even more,

These developments, however, are seriously affected by
user costs associated with environmental control. It is
estimated that when costs of adapting to prospective environ-
mental requirements are taken into account, true costs of coal
use per million Btus may be increased by about 26 percent., 12/
Hence, the price data in table 3 may overstate the relative
cost advantage of coal.
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Table 3

Relative Fuel Costs to Electric Utilities
1973-76 (note a)

Fuel 1973 1974 1975 1976
------ (1975 cents per million Btus)------
Coal 52.7 77.4 8l.4 81.0
0il 104.4 209.5 202.0 191.0
Gas 43.9 52.4 75.4 98.8

a/Fuel prices converted to 1975 values on the basis of
changes in the Wholesale Price Index for commodities,

SUBSTITUTION OF COAL FOR OTHER FUELS
IN THE ELECTRICAL SECTOR

Short run opportunities

The preceding section noted the importance of the
electrical sector when considering fuel substitution
possibilities, Even in the short-term there may be sub-
stantial opportunity. One month pPreceding the Organization
of Petroleum Exporting Countries (OPEC) oil embargo,
the Federal Powei Commission (FPC) was optimistic about
the utilities' ability to convert from o0il to coal in
an emergency:

"It appears that the nation's electric power
generating industry could, within three weeks,
absorb a cut in residual oil supply of per-
haps 2.2 million barrels per week (annual

rate of 114 million barrels equivalent to

18.9 percent of 1972 residual oil imports)

and at the end of one year 3.8 million

barrels per week (annual rate of 198 million
barrels equivalent to 31.0 percent of 1972
residual oil imports)." 13/

Shortly thereafter, the Congress passed the Energy
Supply and Environmental! Coordination Act (ESECA), with
an erpiration date of June 1975, evidently presuming
a l-year conversion program to be adequate, The act



has been renewed twice, As of December 1976, 74 conversion
orders had been issued by the Federal Energy Administration
(FEA). Only 11, however, have received approval by the
Environmental Protection Agency (EPA) and only three plants
have been converted, Fifty-one orders have been stayed
renrding the installation of improved pollution control
equipment .

Table 4 shows that the FpC originally estimated that
some 23,7 thousand MW of electric generating capacity coulgd
eventually be converted. 14/ 1In its April 1976 report to
the Congress, FEA estimated that as much as 20.4 thousand
MW could be converted by June 30, 1977. 15/ This would have
represented ahocut 0.5 percent of total gEﬁerating capacity
scheduled to be operative in early 1977. 16/ 1In fact, as
of July 1977, only three utility powerplants with 158 MW of
capacity had been issued final prohibition orders.* 17/
Nonetheless, table 4 also shows that--if the conversTons do
eventually occur--the Nation will save about 151 million bar-
rels of oil while using an additional 47 million tons of
coal per year. 18/ Since utilities used 404 million tons of
coal in 1975, 19/ the impact of the ESECA orders affecting
existing plantS~would be to raise utility coal use about 12
percent.

*In effect, a prohibition order means a utility is prohibited
from burning any fossil fuel except coal.




Table 4

— i et e s e,

Anticipated Impact of Orders to Convert
Existing Oil-Fired Powerplants to Coal

Impact and cost of existing
utility powerplant conversions (note a)

Estimated Estimated
January 1973 April 1976
Megawatts (thousands)
of oil-fired capacity
convertible to coal
within one year 21,1 -
Total 23.7 b/20.4
0il savings (million
barrels per year)
within one year 178 -
Total 198 151
Additional coal
required (note c)
(million tons)
within one year 68 -
Total 74 47
Conversion cost
(millions of 1975
dollars) (note d) e/$ 137 $1,270

a/Conversion results and costs estimated in April 1976
~ for conversions to be achieved by June 30, 1977.
b/Includes conversion of gas-fired plants,
c/Includes coal required {or powerplants converted
~ from gas to coal.
d/Converted to 1975 dollars with Wholesale Price Index
~ for Materials and Components for Construction. Econo-
mic Report of the President, January 1977, p. 249.
e/bDuring 1965-72, 28,785 MW of coal-fired capacity
were converted to oil. Of this capacity, the FPC
estimated that 22,704 MW could be reconverted to
coal eventually. The data presented in the table
include all plants believed convertible to coal,
whether they were initially coal-fired or not.
However, the 1973 cost estimate pertains to the 22,704
MW estimated as reconvertible to coal and the 1976
estimate to cumulative eventual cost.
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ESECA calls for conversion where practical from
both an air guality and cost stanupoint, Unfortunately,
the estimated costs of conversion have increased from
$137 million to §1,270 million, or about 850 percent,

A principal contributor to these costs is the neec for
pollution control equipment, Of Course, these conver-

sion costs may pe partially offset by lower fuel costs.
Total offset ig unlikely, however, and the 2stimated

$1,270 million capital cost for conversion works out to

$63 per kilowatt (kw) of generating capacity, This compares
with estimated construction costs for new coal-fired

Plants of $360-480 per kw, 20/

The initial FPC estimates pertained almost exclusively
to powerplants originally designed to burn coal. As concern
about natural gas use in boilers heightened, some urged
that natural gas boilers also be subject to conversion
orders,

About 70 percent of ail 9as used as a utility boiler fuel
occurs in the South Central States*, which accounts for nearly
90 percent of total U.s. gas production, 21/ An investigaticn
of conversion opportunities revealed that while utilities
in this area derived 99 percent of their fuel-generated
electricity from gas in 1970, reliance had been reduced
to 87 percent by 1975 22/, and a further 40 percent reduction
by 1985 was already scheduled, 23/ In fact. by 1983 the
baseload generating capacity in this area is expected ‘o
be completely coal and nuclear.

Efforts to accelerate conversion appear to be very
costly. For example, assume that all gas and oil boilers
were discontinued, effective January 1, 1985, and replaced
with new coal-fired capacity instead of the roughly 70
percent reduction presently scheduled. 24/ For the Southwest
Power Pool Area of Texas alone**, this would increase annual
generation costs more than 34 percent by 19Y85; cumulative
investment costs would rise by approximately $4 billijon.

*Defined for burposes of this section as consisting of
Arkansas, Kansas, Louisiana, Oklahoma, and Texas,

**This comprises about one-fourth of the area in Texas.

The bulk of the State is represented by the Electric
Reliability Council of Texas.
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Also under ESECA there is a program dealing with new
powerplants. Under this program new powerplants are
required to have the capability of burning coal as a primary
eénergy source. By June, 1977, over a hundred such orders
(construction orders) have been jissued, affecting over 50
thousand MW of capacity. 26/

Although this sounds impressive, these figures may not
be meaningful since many utilities might have elected
such coal-firing capability anyway, because of gas curtail-
ments and higher oil prices. Hence, the extent to which
the ESECA program has had an impact here remains uncertain.
The estimates, therefore, presented in table 4 exclude
consideration of the program related to new powerplents.

In summary, the ESECA program to convert existing
powerplants (prohibition orders) to coal has thus far not
lived up to expectations. The Principal reason is the
inability of utilities to burn coal in these pl :nts so
as to comply with clean ai: standards. Such compliance
would appear, in many cases, to result in substantial conver-
sion costs. Furthermore, acceleratisii of conversion to
coal from gas would seem to impose substantial burdens
on electricity consumers in affected States such as Texas.

A potentially more attractive means of substituting
coal (and nuclear) for oii or gas involves improved load
management, 27/ For purpoces of the present discussion,
load management is defined broadly to include two phenomena
often considered separately. The first embodies the usual
definition of load management: the leveling of the load
curve of an individual utility to make more efficienc
use of existing equipment. Improved load management here
could involve adoption of some new technologies. However,
the principal change would involve greater use of differ-
ential electric rates for peak and off-peak periods. For
all retail users, this could mean higher rates in one
season (e.g., summer) than in others. For large retail
users, this could mean higher rates during certain hours
of the day (e.qg., 3-6 p.m.) than at other times. Rate
schedules such as these have been common in Great Britain
and France for many years and are becoming more prevalent
in the United States, 28/

Were these and other load management techniques
adopted, greater relative use of baseload electrical
generating equipment would result. Since baseloadq



equipment is large'y coal-fired at present (versus oil
or gas-fired for peaking equipmer.c) 29/, greater use of
load manzyement techniques would lead to substitution
of coal for other fossil fuels.*

The second form of load management rower pooling, is
broader in scope, and is in considerable use now., 2t the
level of retail sales, it involves several utilities, often
organized into a power pool, attaining raximum coordination
through organization drvices such as a central dispatch, At
the level of whoiesale sales, it involves more exchanges ang
sales uf power, even among widely separated utility groups.
And, in general, load management in this sense involves full
coordination, interconnecction, pPlenning and use of electric
generating facilitites with a view to augi'en*+ing capacity
utilization. 30/ Ultimately, improved loac management of this
type would J.Xely lead to expansior. of the wholesale market.

If the capacity factors of baseload generat:: . “,iipment
could be raised through thes: wn types of load - 1. <z.aent,
substantial substitution of ccal for other fos--. 1ue:ls
could result. However, thz basic questions are: how much
substitution and how so~n?

While definitive answers to these questions are not
possible, some rough estimation is. Consider the stock
roal-fired electric generating equipmenv in place and
scheduled to be operative by 1985, Surveys by the National
Electric Reliabilityv Council (NERC) estima‘e this coal-fired
capacity at 320 thousand Mw by 1985 (versus 798 thousand
MW in totz1). 31/ To generate this amount of electricity,

NERC estimates that utilities would use 827 million tons
of coal by 1985. 32/

The potential increase in r-al consumption wii ch would
result from improved load management at the retail ievel is
hard to estimate. However, FEA .as calculated that more
effective lonad managen:.t, at the retail level alone couly
increase utility usege of c¢ al by 52 million tons by 1985,
33/ The potential for the second type of load management
(power pooling) discussed atove is even wore difficul® to
determine. However, it is worth n-ting that seven Eastern

*There would also be substitutions of nuclear power for
electricity from oil- and -as-fired Plants because nuclear
powerplants are exclusively baseload.
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Reliability Council Regions are currently capable of exchan-
ging substantial amounts of electricity. 34/ Such capability
was important in January, 1977, as evidenced by the export

of 548 million kilowatt hours (kwh) from the Mid-Atlantic
area to other utilities, 35/ Similarly, West Virg:nia in 1974
produced 61.5 billion kwh electricity while needing only 18.4
billion kwh for its own use.* Hence, over 43 billion kwh
were exported from this one State alone. 36/ Assuming 1974
fuel rates, 37/ this means an "export" of 45 million tons

of "coal by wire" from West Virginia alone.** 1In fact, one
estimate suggests savings of almost one million barrels

per day (bpd) of o0il could be achieved by 1983 were

full use of "coal by wire" made. 38/

Savings of one million bpd of o0il would yield a coal
egrivalent of about 267 thousand tons per day or about 97
million tons of coal per year.*** 1If this is added to the
52 million tons estimated by FEA, the total from both types
of load management is about 149 wmillion tons per year,

Thus far, the discussion has been in terms of using
more coal and less of other fossil fuels. The increased
coal usage necessarily leads to a concern with environmental
and socioeconomic effects, as discussed in chapters 6 and 7.

Yet, the equivalent of substitution of coal for oil
or gus could possibly occur without completely offsetting
increases in coal use. Such an outcome might be attainable
with improvements in the conversion efficiency of electrical
generating equipment,

At present electrical generation is characterized
by the conversion of over 10,000 Bt1s of energy into one kwh
of electricity. 39/ Since a kwh is normally rated at 3,412
Btus, gg/ electrical generation wastes two~thirds of the

*In 1975, the United States consumed 1,876 billion kwh.

**This represents about 12 percent of 1974 utility
coal consumption,

***Thjs assumes 6.3 million Btus per barrel of oil and 21.7
million Btus per ton of coal.
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gross energy input.,* In any event, the conversion process
is usually summarized in terms of the heat rate, which

is an index of thermal efficiency defined as the number

of Btus of energy input needed to generate one kwh of
electricity. Measured in this way, the heat rate has

been approximately constant for some 20 Years. 41/

Nevertheless, a recent Edison Electric Institute
(EEI) study projects improvement in the future course
of heat rates for baseload generating equipment as
follows. 42/

Heat Rates of Electric .
Generating Plants (Btus per kwh)

1975 1985 . 2000
Coal 10,575 9,575 9,250
Nuclear 10,660 10,400 10,000

Such improvement is conceivable, given the incentive
to cut fuel costs engendered by the recent increases in
fuel prices. But such improvements are by no means
inevitable and since such improvements would be confined
to new plants, the overall rate of improvement depends on
the level of new powerplant construction. In any event,
heat rate improvements of the magnitude suggested by EEI
imply potential coal use savings of as much as 150 million
tons per year by 1985,**

Unfortunately, we do not know how much such improve-
ments would cost. Current research efforts along these
lines by the Energy Research ana Development Administration
(ERDA) seem modest. It would appear that a potential
exists to simultaneously increase reliance on coal as
a fuel by improving the efficiency of its use at the same
time reducing the rate of depletion of this resource,

*Similar efficiency losses occur with more direct use
of fossil fuels, but are less easily measured,

**This estimate results from a comparison of the actual 1974
fuel rate with that projected by EEI for 1985. The fuel
rate is defined as the number of pounds of coal required
to generate one kwh of electricity.
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Table 5 summarizes key guantitative aspects of the
preceding discussion. Significant oppcrtunities exist
for shifting from oil to coal in the electrical utility
sector even without a major change in the basic structure
of the generating base. These opportunities can be
achieved, however, only in conjunction with changed
electrical marketing practices both at the retail and
wholesale level.

Were all three actions in table 5 to occur by 1985,
the net effect would be to raise utility coal consumption
by only 46 million tons, Adding this to the NERC estimate
of 827 million tons, however, results in utility coal
consumption of 873 million tons, which is more than double
1975 consumption by utilities.

Nonetheless, this amount of coal usage by utilities
is uncertain because the demand for electricity may not
increase as much as expected by NERC,.

The National Energy Plan promotes adoption of load
management techniques, particularly at the retail level,
GAO supports the efforts to improve the rate structure of
electric utilities. The administration's proposal is
predicted to save about one million barrels of oil equivalent
per day in the electrical sect r, This compares with the
projected savings of 1.8 million barrels of oil equivalent
per day in table 5. The largest source of the difference
appears to be the savings which may be obtainable, at
least in part, through better load management at the
wholesale level.
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Table 5

2dditional Consumption of Coal by Utilities in 1985
Under Alternative Actlons

Additior.al usage Equivalent savings
of coal (note a) in oil (note b)
Percent Percent
Tons of 1975 Millions of 1475
Action (millions) usage bpd imports
Full conver-
sion of utility
powerplants 47 12 0.4 7
Optimal loaa
management 149 37 1.4 23
Maximum thermal
efficiency (=150) - = -
Net effect 46 1.8

a/The additional coal usadge from conversion is an FEA coal
estimate., The other two sources of additional coal use
are GAO estimates based on EEI estimates of fuel rates

and NERC estimates of electrical generating capacity.

b/For purposes of this computation coal was evaluatea
at 21.7 million Btus per ton and oil at 6.3 million
Btus per barrel.

Long-term opportunities

Under current and foreseeable cost and other condi-
tions, little o0il or gas will be used for baseload
generating of electricity.* Hydroelectric sites are
less plentiful and geothermal generation is likely to be
important--if at all--only in California. Hence, the
contest for baseload generation for the next 25 years
is between coal-fired and nuclear-powered plants,

*New England may be an exception. 1In addition, aelay in
construction and operation of nuclear plants may necessitate
greater use of oil or gas in areas such as New England or
the southwestern, gas~producing States.
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Current industry plans for electrical generating
eguipment are summarized in table 6, 43/ In terms of
capacity, coal-fired plants are expectgd to increase
modestly in relative importance. Announced decisions
on new capacity indicate coal's share will rise from
38 percent in 1975 to 40 percent in 1985, During this
same period, nuclear's share is projected to rise
almost threefold. Beyond 1985, present plans indicate
an even greater relative reliance on nuclear. To
the extent that announced utility expansion plans are
indicative, nuclear and coal are viewed as the significant
energy sources of the future for baseload electric power
generation,

Announced utility expansion plans, however, have
not materialized, For example, of the 21,272 MW scheduled
to be placed in service during April 1 through September 30,
1976, only 12,505 MW were actually placed in service. 44/
Fur thermore, nuclear units accounted for more than one-half
of the uncompleted capacity in MW. 45/ In contrast, over 80
percent of the coal-fired units scheduled for commercial
operation during April 1 through September 30, 1976, were
actually entered into service during that perioaq. 46/
This recent experience suggests that predicting the future
role of nuclear power presents special complications,
a subject discussed below. The pnest data available at
this time, however, indicate that both ccal and nuclear
power will become increasingly important during the next
25 years.

Table 6

Currently Scheduled Generating Capacity
by Hajor Fuel Category, 1975-95

Fuel Category 1975 1985 1995

(Percent of total mw capacity)

Coal 38.5 40.2 (a)

Total fossil 69.7 60.2 50.3
Nuclear 7.7 21.2 33.9
Hydro 13.0 10.4 8.0
Other (note 0) 9.6 8.2 7.8

a/Not available,
B/Includes peaking, which is also fossil fuel,
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Despite recent indications that nuclear is unliikely
to live up to earlier expectations, current utility plans
are still predicated on expansion of nuclear power relative
to expansion of coal-fired generation. Even in those areas
in which coal is mined and plentiful, utilities appear
to be electing the nuclear option. For example, the utilities
in two midwestern Electric Reliability Councils, ECAR*
and MAIN**, are located above the coalfields of northern
App~rlachia and the Midwest, Yet more than half the capacity
additions scheduled by these utilities for 1986-Y5 are
nuclear, as shown below in table 7. 47/

Table 7

Capacity Mix as a Percent of Total Capacity Additions,
Selected Fuels and Reliability Councils, 1976-95

1976-85 1986-95 1976-85 1986-95

Fuel ECAR MAIN

(Percent of total capacity additions (note a)

Coal 57 (b) 38 (b
Total fossil 61 46 53 45
Nuclear 37 51 47 55
Other 2 3 - -

g/Data for 1976-85 are net additions,
b/Not available,

What determines the choice between coal and nuclear?
Generally, utilities choose the least costly method of
generating electricity. The relative importance of
major cost categories are indicated by the data in
table 8. 48/

*East Central Area Reliability Coordination Agreement
(Illinois plus parts of Wisconsin and Missouri),

**Mid-America Interpool Network (Michigan, Indiana, Ohio,

Kentucky, West Virginia, plus parts of Pennsylvania,
Maryland, and Virginia).
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Table 8

Projected Costs for Baseload Plants in 1985 (Mills/kwh)

Plant type
Cost Low-sulfur coal High-sulfur coal
category Nuclear without scrubber with scrubber
Capital 13.5 9.3 11.7
Operating &
maincenance a’/l.s 2.0 3.5
Fuel _3.0 10.1 6.9
Totals 18,3 . 21.4 22.1

a/This estimate does not include costs of waste disposal
or decommissioning.

Nuclear apparently is three mills cheaper than coal
plants without scrubbers and nearly four mills cheaper
than coal plants with scrubbers, a cost advantage of 15
to 20 percent. 1Individual components of cost differ
markedly. Nuclear generation is substantially more capital
intensive than is coal-fired generation even with scrubbers,
The assumed advantage of nuclear has been in projected
fuel costs of only one-third to one-half those incurred
with coal-fired generation,

All of these c.sts are, of course, projections. That
is, they reflect best estimates of the comparative future
costs of alternate means of baseload power generation,
Lately, increasing doubts have been raised regarding the
superiority of the nuclear option. These doubts concern
costs of waste disposal and decommissioning, a1l the risks
of fuel reprocessing and the fast breeder reactcr,

To better understand the nature of the planning process
in the electrical sector and of the nuclear versus coal
investment decis:ons, GAO interviewed 12 of the largest
private and public electric utilities in several major
sections of the country. These utilities were asked a variety
of guestions, but the principal ones concerned their per-
ception regarding interfuel substitutability.
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Specifically, ytilities were asked to compare alter-
native types »f powerplants expected to be operational
in 1985, The comparisons were made in terms of annual
Ccosts per kwh for three classes of costs--operating ang
maintenance, fuel costs, and capital.

In general, the view expressed was that only improb-
able large changes i- projected costs woulid significantly
alter current decisions for nuclear deneration, For example,
it was stated that either nuclear fuel costs would have
to more than double or coal prices would have to fall
by at least one-half to shift the balance in favor of coal.
Alternatively, it was noted that nuclear capital costs
would have to rise 40 Fercent or more relative to coal for
the nuclear advantage to disappear.

as $550 per kw. 49/ Now the cost is higher because the
construction time for coal-fired plants remains at about

five years, 1In contrast, for nuclear Plants it has increased
from eight to ten years. Another recent shift is in the

cost of uranium versus the cost of coal. 1In 1974 the average
Price for uranium was $7.90 per pound. 50/ Since then,
projectad prices under new contracts have increased sharply.
51/ 1In contrast, the price of coal has not changed much
(table 3). 1In summary, substantial changes in relative

costs could occur, especially since the relevant time horizon
is to 1985--and beyond,

Further doubts about the accuracy of projected nuclear
costs have been noted in a recent study by the Council on
Economic Priorities (CEP). The earlier comparative cost
estimates (table 8) assumed plant capacity factors for
both nuclear and conal plants to average 70 percent, 52/
Actual experience in recent years has not supported this
expectation for nuclear. Operating rates h ve, in fact,
equalled only 58 percent, 53/ The CEP believes current

vantage when compared to coal-fired facilities, Should
this be true, coal May prove to be a superior chojce in
future baselcad investment decisions. Of course, if
coal-fired plants are required to have Scrubbers, their
capacity usage may be less than that of conventional
coal~fired plants.



This disappointing experience may have contributed to
the recent trend toward deferral of completion dates for
nuclear units, During October-December 1976, deferrals of
commercial service for electric generating units amounted
to 7,727 MW of capacity. 54/ Of this, 4,507 MW was nuclear
steam. 55/ -.

Though the outcome is still uncertain, the contest
between nuclear and coal-fired plants is getting closer,
In recent months, there has been increased awareness that
previous estimates of the costs of nuclear power such as
those in table 8, have been too low. A sellers' market
exists in uranium; the price of Government enrichment facili-
ties is expected to rise as ERDA changes its costing proce-
dures; reactor design changes may contribute to further
capital cost increases; and, perhaps most significantly,
decommissioning and waste disposal costs appear likely
to increase. For these and other reasons, recent orders
for nuclear reactors have declined dramatically,

The potential seriousness of the decline in orders for
nuclear reactors is highlighted by a comparison of the most
recent FPC estimates and those projected by the Atomic Eneray
Commission (AEC) only tunree years ago. In 1974, the AEC b-d
predicted an increase of nuclear capacity to 127 thousanc
MW by 1980. 56/ Yet, in March 1977, the FPC estimated that
nuclear capacity would be only 77 thousand Mw by 1980. 57/
However, the actual. 1976 nuclear generating capacity was 1.6
thousand MW less chan that predicted by NERC in June 1976. 58/
In contrast, during 1976, utilities' orders for fossil fuelegd
plants were virtually all for coal-fired plants and none of
these orders were cancelled.

Changing investment decisions regarding new baseload
units are currently subject to the combined interaction of
three factors. The first relates to downward revisions in
near- and long-term electrical demand. The second intlves
increasing uncertainties regarding environmental hazards
associated with new plant installation. These uncertainties
surround both nuclear and coal-fired plants., A stellar
example regarding the latter involves the recent cancellation
of the 3000 MW Kaiparowits project. The third involves
the prospective comparative economics of coal versus nuclear,
The data in table 9 raise questions about the validity
of FPC estimates of plant capacity additions presented
earlier in table 6. Juxtaposed, these tables indicate the
problems inherent in forecasting fuel choices beyond 1985,
and the apparent narrowing of the competitive choice between
nuclear and fossil fuel plants,



Available information regarding orders for nuclear
reactors during 1973-76¢ Suggests that we currently
have something close to a nuclear moratorium, if that phrase
is taken to mean no new orders for nuclear powerplants
are being placed. The potentially large impact of problems
associated with the development of nuclear generating capacity
has encouraged study of the implications of various possible
types of nuclear moratoria. One such study examined the
implications of a 6-year ban on new building applications, 39/

Were such a ban to be instituted, nuclear generating
capacity was estimated to be some 200 thousand MW less
by 1990. 60/ However, total generating capacity would
also be some 100 thousand Mw less, presumably because
the cost of electricity was higher without the low cost
nuclear option, 61/ This in turn would mean a reduced
demand for electricity. 62/ This particular study dig
not calculate the impact™of this limited moratorium on
coal usage,

Consider now anoiher king of nuclear moratorium,
In this case, all capacity in existence and scheduleg
to be operative by 1985 is shut down. What would this
mean for utility coal consumption?

NERC estimated that by 1985 utilities would annually
burn 827 million tons of coal, 63/ 1If currently scheduleg

and operating nuclear capacity were shut down and the slack

In summary, the near-term potential for substitution
of coal for other fuels in the electrical sector is substan-
tial. 1In a longer timeframe, the potential for substitution
is limited only by the rate at which new, environmentally
acceptable capacity is installed,

SUBSTITUTION OF COAL IN OTHER SECTORS

The electrical sector enjoys the widest range of fuel
choi-e, Furthermore, electricity is Probably the most
conven.=rc¢ ana flexible form of fuel use. Given coal's
role as an energy source for electricity, can we foresee
an increased reliance on electricity generally in the economy
as a whole and thuys, indirectly, an increased reliance
on coal as an energy input?



Various factors determine the choice of electricity
as compared to other energy 1inputs in the 2conomy, Yet
the important point is that a number of prominent studies
have concluded that the future potential for electricity
use is very substantial. 64/ Table 9 shows a projection of
consumption, by consuming sector, for the years 1985 and
2000. 65/

Indirect Substitution of Coal Through
Increased Reliance on Electricity

As shown in table 9, the household/commercial sector
currently derives some 40 percent of its energy from electri-
city. This is expected by EEI to rise to as much as 60 percent
by 1985 ani 75 percent by 2000.

Table 9

Consumption of Electricity as Percent of Total Energy
Consumption, 1972 and Potential 1985-=2000

Consuming

_-sector 1972 1985 2000
Residential 40 60 75
Commercial 42 55 77
Industrial 27 41 62
Transportation 0 5 29

In 1975, some 50 percent of the newly constructed single
family homes and 60 percent of the multi family homes had
electric he~t, Electricity's share is expected to rise,
sO long as residential gas hookups remain scarce an? retail
gas prices continue to increase faster than electricity
prices.* While coal furnaces and stoves in residences
are a thing of the past, we can probably assume that almost
one-half of increased energy use in the household/commercial
sector to 1985 will be from coal-generated electricity
because of

*During 1935-75, retail gas rates increased nearly twice
as much as retail electric rates. The incroase for fuel
0oll was four times as great as for electric rates. 66/
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—--the higher relative costs of fuel oil for
heating;

--the growing unavailability of natural gas;
and,

~--the absence of prospective technological changes
which would reduce electricity's share of new
household/commercial uses.*

Many industries iiwvolving light or even heavy manufac-
turing are similar to the household and commercial sectors
in terms of factors determining energy use patterns.
Principal reliance is on gas, oil, and electricity. For
reasons noted above, the choice is likely to favor heavily
electricity in the future,.

. Overall, »ast trends indicate an increasingly heavy
reliance on electric energy. Manufacturing use of purchaseg
electricity increased from 187 billion kwh in 1954 to 518
billion kwh in 1971, a compound annual growh rate of 6.2
percent. 67/ 1In contrast, total energy use in manufacturing
during the same period rose from 2,220 billion kwh
(equivalent) to 3,850 billion kwh (equivalent), an annual
growth rate of 3.3 percent. 68/ Direct use of coal declineqg
from 91 million tons in 1954 Fto 61 million tons in 1971,

a rate of decline of 2.4 percent per year, 69/

A continued increase in reliance on electric power as
a proportion of total energy demand depends on relative
price movements, Though difficult to predict, it appears
that electricity costs will continue to rise less rapidly
than those of other eénergy sources--particularly in relatijon
to natural gas.** Among all eénergy sources, electricity
demand is most sensitive to shifts in relative prices,
FEA estimates such sensitivity to be greater by 50 percent
or more compared to natural gas and petroleum products. 10/

*Increasing use of heat pumps would reduce demand for total
kwh hours per househeld, but would likely also increase
the share of electricity in the market for heating of new
structures.

**While all energy costs are expected to increase, it is
the trend of relative prices which is important for many
decisions,
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On this basis it would appear likely that increased reliance
on electriciiy will evolve over the next decade. A continua-
tion of trends evident in the manufacturing sector during
1954-71 is likely to result in electricity increasing to

the level shown in table 9.

The transportation sector is the least amenable to
increased reliance on electricity as a main energy source,
In the transportation sector, at present, some 96 percent
of energy use is derived from oil. Since the coal-fired
locomotive is unlikely to return, the prospects for
substitution here may depend on

--the outlook for the electric car;
--the outlook for electric rail transport; and,

--tie growth of electrified, intra-city mass transit
relative to use of cars and busses.

A massive shift toward use of electricity would
require major changes in the composition of our trans-
portation capital stock. Since such ichanges take time, not
until the year 2000 does the most optimistic projection of
electricity use in transportation indicate significant pene-
tration (table 9). Such penetration apparently requires radi-
cal changes in electric car technolo¢y and transportation use
patterns. 71/ It would probably also require a major diversion
of funds from the Highway Trust Fund for mass transit. 72/

Substitution of coal
through direct burning

Recent FEA surveys, together with data from other
sources, indicate a dramatic long-term decline in the
direct burning of coal. 1In recent years some 20-25 percent
of coal-fired boilers in industry were converted to oil
Or gas to comply with clean air standards. 73/ Theoretically,
these converted boilers coula be reconverted back to coal. 74/
Such reconversions may be too costly because the existing ~—
stock of coal-fired boilers in industry is o0ld and getting
older. 75/ Also, in some instances, coal unloading and
handling facilities have been dismantled.

The prospects for greater coal use through orders for
new boilers seem brighter. 1In 1973, only six percent of the
total capacity of new industrial boilers were coal-fired. 76/
Even this low figure represented an increase over 1967-72.7 71/
Furthermore, preliminary ev:dence indicates that as much
as one-third of the steam generating boiler capacity ordered

2.26



by industry in 1976 was coal-fired, 78/ Yet these data a'so
imply that considerably more than half of industrial boiler
orders are for oil or gas-fired units 79/, despite qgas
curtailments and the rising prices of o1l and gas suggested
by table 3.

Coal-fired boilers are ordered less frequently mainly
because tuey cost two to four times as much as gas- or
oil-ficed units. 80/ Unfortunately, reliable data on the
total relative costs--capital, operating and maintenance,
and fuel--of differing industrial boilers are presently
being developed. 51/ "Also, unlike the situation in the
utility sector, industrial firms do not announce their
expansion plans in a systematic manner several years into
the future. 82/ Other reasons for current industrial pre-
ference for o01l- or gas-fired bDoilers include the desire
to comply with envirormental stanaazds, convenience, and
the unavailability of coal hauling and handling eguipment,

In view of these disadvantages or using ccal to genarate
steam, the prospective industrial demand for coal for direct
burning is uncertain. On the one hand, recent trends regar-
ding orders for new boilers suggest a resurgence of coal
as an industrial boiler fuel. On the other hand, the new
coal-fired boilers may principally replace older coal
equipment so that net increases in coal-fired caracity
might be modest.

While the impact on total coal use due to greater direct
burning in industry may be too smell, the potential in terms
of relative use of natural gas by certain key industries is
greater. 1In particular, four industries (cement, chemicals,
paper, and steel) Presently account for 83/

-=-two~thirds of manufactiring coal consumption,
—--one-half of manufacturi.o oil consumption, and

—--one-third of manufacturing gas (and €lectricity)
consumption,

One recent study has concluded that these four
industries could, in the aggregate, by 1985, substitute
enough coal to conserve anntally some 10 to 15 million
barrels of oil and some 325 to 400 billion cubic feet
of gas. For these industries, these savings would
represent up to 17 percent of 197. gas consumption, 84/

In terms of individual indust:ies, the largest substitution
occurs in cement and the smailest in steel, 85/
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The results of this study are based on substantial
increases in both coal and gis prices, with somewhat
smaller increases in oil prices. 86/ The possibility of
greatly increased natural gas curtailments was, however,
not considered. Therefore, the substitution of coal in
the amount of 17 percent of 1971 gas consumption may under-
state likely future reductions in industrial gas usage.

Of course, this gas is most likely to be replaced
by electricity, not coal, as noted previously. Nevertheless,
these results suggest that coal as a direct burning option
can make a significant contribution to reduced usage
of gas as an industrial boiler fuel in selected industries.
At the same time, coal will indirectly provide industrial
energy throucgh coal-fired electricity.

Ten years ago industry generated 17 percent of its
own electricity requirements 87/ The current percentage
is somewhat less. 88/ It is interesting to consider whether
this share might rise in the future.

Industrial generation of electricity has declin: i
over time in the United States because electric rates for
large industrial users have declined. In large part, these
industrial electric rates have declined because electric
utilities have benefited from increasing economies of scale.
However, in recent years, such economies have been less
attainable and the recent increases in fuel prices have
made the fuel component of electrical generation costs more
significant.

In that regard, it is i .. ant to note that while the
thermal efficiency of indust: * electrical generation by on-
site powerplants is greater t .n central station
generation 89/, the overall efficiency of central station
generation has historically been greater mainly because
large powerplants benefit frcm substantial economies of
scale. Since 1970, opportunities for further increases
in cost savings through economies ~ scale have diminished
and fuel costs have increased n- ably. If rising fuel
costs are not compensated by tec 10logical advances in
the utility sectcr, the resulting higher prices of
electricity may stem (or even reverse) the decline
in industrial gereration of electricity.

Whenever industrial steam is generated, there is a
potential oppcrtunity for generating electricity although
this is taken advantage of in only a minority of cases,
Using steam produced by industrial boilers for the dual
purpose of electric generation and other industrial needs
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is a major example of cogeneration. Under the cogeneration
concept, additional energy is added to raise the quality

of the steam to that required to drive a generating turbine
and produce electricity. The waste steam from the turbine

is then used for other industrial processes, Not all industrial
boilers produce a large enough steam load to make cogeneration
economically attractive. However, the unexploited potential
seems substantial. In fact, one recent study has concluded
that by 1985 the equivalent of 680 thousand bpd of o0il could
be saved through greater reliance on industrial cogeneration
of electricity, 80/ However, a variety of impediments must

be overcome if fuel savings of this magnitude are to ke
obtained.

Utilities have had long standing policies that discourage
industrial generatior of electricity. Rate schedules have
been designed to favor large industrial users. The rise of
utilities as a standby source for backing up industrial
power generation has been discour aged through high demand
charges which are levied even if no electricity is consumed. 91/
In addition, utilities are reluctant to buy the excess power
produced by industry because it is often erratically produced.,
92/ The extent to which the cogeneration plant will become a
regulated enterprise is also a crucial factor. sState regqu-
lation on sales of any excess power to individuals or public
utilities is a consideration. And if any of the power
generated is sold across State lines, the facility will
probably become subject to Federal regulations under the
Federal Power Act, 93/

While the potential for increased cogeneration of

electricity by the industrial sector seems substantial,

the effect that such an increase, if it should occur, would
have ~n the direct burning of coal by the industrial sector
seems limited. A large percentage of industrial steam

is produced with oil- or gas-fired boilers. As pointed out
earlier, conversion to coal will be made reluctantly because
the cost of a coal-fired Plant may be two to four times

that of a gas or oil-fired plant and the former creates
material handling, storage, and environmental problems,

Some of the disadvantages of burning coal can be over-
come using a variant to the cogeneration technique describegd
above. This technique involves a large central powerplant
located within a cluster of industrial or residential users,
The powerplant sells both electricity and processed steam
to consumers within the complex. In this way, the powerplant
has a purchaser for a large quantity of what might otherwise
be waste heat.
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Cogeneration facilities located within major industrial
clusters offer advantages in burning coal because of economies
in coal purchasing and handling, powerplant size, and in
financing of such ventures. Also, environmental problems
can be better dealt with at large cogeneration plants., 94/
This type of cogeneration could increase the amount of ~
electricity produced through the direct burning of coal.
However, it would seem that only a limited number of indus-
trial sites could meet the criteria. Thus, the likely
effect on the amount of coal burned by the industrial
sector.

In summary, the immediate prospects for substitution of
coal as direct burning in the industrial sector are limited,
Indeed, the administration projects a four percent compound
annual growth rate in coal usage by industry versus a
nine percent growth rate for oil consumption unless the
National Energy Plan is implemented. 95/ Such implementation
is predicted to greatly increase coal usage by industry.
However, GAO has considerable doubt that implementation
of the National Energy Plan will have the full impact
expected.

Substitution of coal through
synthetic fuel development

Gas manufactura2d from coal was once relat!vely
important. 96/ For years some observers have been anti-
cipating a comeback as natural gas reservas diminish,

In 1972, the Bureau of Mines (BOM) predicted the following
scenario for synthetic gas from coal (versus 20,400 trillion
Btus currently derived from natural gas in 1975). 97/

Trillion Btus of

Year g.s from coal
1980 430
1985 2,000
2000 7,140

That same study also forecasted 2,140 trillion Btus of
synthetic liquids from coal. 98/

In its 1275 forecast, BOM revised these estimates
substantially downward. 99/ However, given that the Congress
has chosen not to accelerate development of the synthetic
sector at this time, the downward revisions are probably
still too high.
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What are the prospects for synthetic fuels in the
absence of major financial assistance by the Government?
The answer obviously depends on relative costs. The
most recent forecast of such costs by ERDA is presented
in table 10 below.

Table lQ
ERDA Best Estimate of

wholesale Prices for Major Fossil Fuels and
Synthetic Fuels Derived from Coal (note a)

Wholesale Prices (note b)

Fuel 1985 2000
(1975 cost per million Btu)
0il $2.24 $2.87
Gas 1.93 2.19
Coal (note c¢) 0.61 0.69
Synthetic crude d/3.45 4/3.57
High-Btu gas d/3.54 d/3.65

a/These estimates were prepared by ERDA and presented in

~ the unpublished draft of the 1977 National Energy Outlook.
ERDA has reviewed these estimates and has not objected
to their inclusion in this report,

b/These wholesale prices are not immediately comparable
to the prices in table 3. However, approximate delivered
prices to utilities for the year 2000 are projected at:

residual oil $3.15 per million/Btus
gas 2,41 per million/Btus
coal 1.14 per million/Btus

Comparing these data to those in table 3 leads to the
inference that coal's Price advantage over oil may be
wider in 2000 than in 1975,

c/Assumes approximately 60 percent surface and 40 percent
underground mining.

d/Ter.nessee Valley Authority officials, in commenting on the

" report, believe that 1985 prices for synthetic fuels are
too low. They believe synthetic crude prices would be
nearer $5.90 and the high-Btu gas should be above $4.00
per million Btus.



The unmistakable message of table 10 is that synthetic
fuels from coal are unlikely to be cost effective in this
century. Consequently, synthetic fuels would only become a
major factor if gas and oil were unavailable at projected
‘price levels, Such a circumstance could occur if, in the
face of declining domestic production, limits are set on
imports and price controls based on cost and are continued
indefinitely. Even under such circumstances, however, it
is as likely that coal would be used to generate electricity
as to manufacture synthetic fuels.

For certain purposes, however, such as household and
commercial heating, high-Btu gas compared to electricity may
have a more promising future than implied by table 10.
Another alternative, which GAO hopes to consider further,
involves transport of coal to consuming centers, conversion
to low- or medium-Btu gas, and used as gas for industrial,
commercial, residential heating, etc., to replace natural
gas.

Recapitulation of overall
fuel substitution

The potential for substitution of coal is greatest
in the electrical sector. By 1985, roughly half of the
energy input to this sector will likely be derived
from coal. Considerable uncertainty surrounds the prospects
for coal after 1985. Whether coal's share in this sector
rises noticeably above 50 percent in this century or beyond
depends crucially on relative shifts in the risks and econo-
mics of electric power sources. A well developed nuclear
option will reduce the projected increase for coal. On the
other hand, there are indications that the opposit: could
occur.

Beyond the issue of how much coal is used for power
generation is one which asks how much power generation
is needed in the context of any aggregaté "energy use pattern,
Indications are that significant past trends of increasing
relative reliance on electricity will persist in the future.
As a result, if coal merely holds its own in the fuel mix
for power generation, demand is likely to rise, as energy
users shift from gas and oil to electricity.

Given the limited potential for direct burning of coal
and the economic and technological uncertainties of coal
synthetics, the principal prospects for coal seem ‘nextri-
cably tied to the prospects for electricity for t emainder
of this century.
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The extent of substitution is principally a func-
tion of time. 1In the electrical sector, high degrees of
coordination among utilities permit some substitutior of
coal for other fuels within days or weeks. Within severa)
months or a year, some conversion of powerplants is possible,
and differing plants can be utilized at varying capacity
rates. In the course of several years, some new plants
can be added and others scrapped. Full substitutability
must also consider the time it takes to build a nuclear
powerplant--about 10 years. Given time, substitution rates
also depend on growth rates for electricity and the deprecia-
tion rates for electric powerplants.

The future of coal and of electricity depends on relative
price movements among alternate energy sources. Though coal
at present offers a price advantage in terms of costs per
Btu as compared to other energy sources, this advantage
is greatly diminished and often eliminated when costs of
use are considered. These costs are mostly related to the
adverse environmental consequences of coal combustion,

Current economics indicates that the competition among
electrical utility fuels is now most keen between coal
and nuclear.

IMPLICATIONS OF COAL USE FOR WIDELY
DIFFERENT ENERGY NEEDS AND USE PATTERNS

Differing levels of aggreagate energy demand and
electricity usage could affect the demand for coal in various
ways. For example, rapid ingreases in energy demand
could lead to higher energy prices, thereby making synthetic
fuels from coal cost effective. Or the increased relative
importance for the electrical sector could enhance the
role of coal in supplying energy needs.

The future of aggregate national energy needs is
uncertain. 1In the past, even without the turbulence
generated by OPEC, forecasters were not able to clearly
perceive the future., Develc_ments in recent years make
projections even mcre suspect.

Factors whicn make energy forecasting difficult are
readily identifiable. At least three are of great
importance--population and economic growth trends; composi-
tion of national output; «nd cost of energy relative to
that of other resources, Tc develop an estimate of
energy needs for a year, for example, 1985 or 2000, one
must, at least implicitly, presume future trends to some
er-ent regarding each of these factors. 1In addition, one
m. t specify whet implications these trends have for over-
al energy consumption.
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The relationship among energy use, relative energy
costs, and the rate of economic growth has been highly
variable., The ratio of gross energy use to gross national
product (GNP'\ rose from 1909 to 1919, declined from 1923
to 1944, ana has remained relatively constant since then. 00/
The energy /GNP ratio in 1975 was 71 percent of its 1923 -
value and approximately equal to its lowest value since
1969. 101/ The future value of this ratio continues to

be a source of much speculation,

There is a brief discussion of these relationships in
chapter 2 of the National Energy Plan, and the administration's
overall goal of achleving a 46 percent increase in GNP
by 1985 while reducing the annual growth of energy demand
to below 26 percent.

The relationship between relative energy cost and
use is even less known. Most agree that higher relative
energy costs will reduce energy use but the guestion of
just how much and over what period has resulted in various
answers, These and other factors account for differences
in the total energy growth and the fuel mix of the two
scenarios examined in the following pages: the BOM energy
forecast through the year 200C and the EEI low growth
sCcenario,

These two were chosen because they were, at the time
this study was begun, representative of possible ranges
of enerygy demand. Furthermore, BOM has an important historical
role in research related to coal, while EEI presumably
reflects current thinking in the electric utility industry.*
President Carter's National Energy Plan was not available
when this study was started, so we were not able to use it
as one of our scenrarios for analytical purposes, However,
we have been able to compare the coal supply and use goals
of the National Energy Plan with the BOM and EEI scenarios,
These comparisons are ncted in the following discussion.
See also, GAO's report "An Evaluation of the National Energy
Plan" (EMD-77-48, Juaiy 25, 1977).

*It should be noted that EEI presented several scenarios,
GAO chose to utilize the EEI "low growth" or low energy
demand scenario as a "counterweight" or reference point
with which to compare the BOM forecast, which projected
high energy demand.
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A summary of energy needs and electrical generation
under the BOM and EEI Sscenarios is presented below. 102/

Table 11

Summary of Ener Needs and Electric Use
Under & ternative Scenarios, 1985 and 2000

Gross Energy Electrical

Scenario - Demand Generation
1985 2000 1985 200C

(Quadrillion Btus) (Trillion kwh}

BOM 103.5 163.4 3.96 8.65
EEI 101.2 109.5 3.17 5.17

Actual 1975
consumption 71.1 1.88

As table 11 indicates, the two estimates for 1985
are fairly similar, However, they diverge markedly by
the year 2000. To understand the construction of these
scenarios, an effort was made to determine and compare the
nature of underlying assumptions. For the period through
1985, insofar as assumptions were made explicit in building
these estimates, they are similar with regard to expected
national growth patterns and the relation between energy
use and economic activity. 103/ Two principal factors
explain differences subsequent to 1985, EEI assumes a slower
growth rate and higher eénergy prices than does BOM. The
slower growth explains about 16 quadrillion Btus of the
difference, while relative price differences appear to
explain most of the balance, It should also be noted that
both scenarios imply a greater aggregate energy demand
for 1985 than President Carter's national enerqgy goal,

For the purposes of discussion here, the ROM and ELI
scenarios have special interest because of their potential
implications for coal demand. Both project substantial
expansion in national reliance on electric power. Table ]2
shows that the Projected growth rates for the electrical
sector far exceed those for all combined sectors, Indeed,
under the EEI scenario the electrical sector grows nearly
five times as fast as all combined sectors: 2.82 percent
P=r Year for the electrical Sector versus 0,53 percent
for all combined sectors, These higher growth rates for
the electrical sector naturally imply increasing electri-
fication and use of coal, both in relative agreement with
President Carter's proposals in .his National Energy Plan.
By the year 2000, therefore, the share of the electrical

2.35



sector rises to nearly one-half under both scenarios, as
depicted in the bottom part of table 12.*

Table 13

Growth of Electrical Sector Versus Total

_ Growth rates
1975 1985 1985 2000

1975 BOM EEI BOM EEI
(Quadrillion) = T=----.22 (Percent)-~---- ———
Btus
Total energy
(gross input) 71.1 3.83 3.59 3.09 0.53
Electrical
(gross input) 20.1 6.89 5.28 4.77 2,82

Proportion of Electrica. Input to Total Energy

1975 1985 2000
Actual BOM  EEI BOM  EEI

------------ (percent)-==-==ecccwa--

28 38 33 48 47

The two scenarios anticipate that nearly half of our
enerrgy will be converted into another form rather than be
used directly. Such a trend favors coal and uranium
over natural gas and oil.

The EEI scenario is of special interest since between
1985 and 2000 total energy use is expected to decline in
nearly every major corsuming sector except electrical where
an increase of more than 50 percent is assumed. In the
EEI scenario, electricity consumption rises from 1.88 trillion
kwh in 1975 to 3.17 trillion in 1985 principally because
electric rates are projected to decline in 1975 dollars
from 2.07 cents per kwh to 1.97 cents per kwh, during
1975-85. This decline in electricity prices is based
on the expectation in the EEI scenario that technological
change will offset the effects of rising fuel prices on
the costs of electrical generation. 104/

*The data in tables 12 and 13 are derived from nore detailed
data presented in app. II.
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During 1985-2000, the EEI scenario expects real prices
for electricity to remain roughly constant. Accordingly,
the growth in electrical generation declines to 2.8 percent
per year during this period, versus 5.2 percent per year
during 1975-85,

The BOM forecast contains no explicit assumptions
about energy prices. 105/ However, the BOM forecast appears
- consistent with an assSumption that electricity prices will
decline during 1975-2000 at half the past rate of decline
in such prices up to 1970. 106/

Despite the fact that each scenario reflecco strong
expectations regarding growth in electricity use, similar
expectations are not proiected for coal use. This is
shown in table 13 which compares annual growth rates for
coal and total energy, and coal's importance in the
total energy picture under the two scenarios.

Table 13

Growth of Coal Versus Total Energy

Anaual growth rate (percent)

1975-8% N 1955-2000 _ o
BOM BOM EEI EEI EoM BOH EET EEI
without without without without
synthetics synthetics synthetics synthetics
Total
energy 3.83 - 3.59 - 3.09 - 0.53 -
Coal 4.98 4.73 2.21 1.50 3.33 1.65 1.20 (-0.31
Coal Input as a Percent of Total Energy Input
1975 1985 2000
Actual BOM BOM  EEI EET BOM — BOMN  EEI  EEI
without without without without
synthetics synthetics synthetics synthetics
18.8 20,6 20.1 16.1 15.0 21.3 16.3 17.8 14.0
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The most important information in table 13 is contained
in the upper right hand side. These figures show that
during 1985-2000, both scenarios predict faster growth
for total energy than for coal outside the synthetic fuels
sector. 1In fact, the EEI low demand scenario projects
an absolute decline in coal usage unless a synthetic fuels
sector can develop.

Table 13 also reveals that, under the comparatively
"optimistic" BOM scenario, the share »>f coal in the total
energy picture will rise to only 21 percent by 2000. As
shown in table 1, this was coal's approximate share in
the 1960s.

In summary, the most optimistic growth rate in demand
for coal is assumed by BOM for the period to 1985 and equals
4.98 percent, as compared to an expected overall growth rate
of 3.83 percent. In the context of this high growth scenario,
there will not be a significant demand for coal in the
future. The EEI scenario expects even less demand for coal.
Ccoal growth through 1985 is expected to be about half that
of overall energy needs. Beyond 1985 coal use will generally
decline except as a vynthetic, Even in the electrical sector,
in which a 50 percent expansion is projected, coal use
is expected to decline.

The key assumption in the two scenarios, which greatly
affects electric utility demand for coal, is an increasingly
heavy reliance upon nuclear power dgeneration, While in
1975 non-~fossil fuel generation accounted for 4.8 quadrillion
Btus of total consumption, by 1985 the expected contribution
is set at between 14 and 16 quadrillion Btus, and for 2000,
between 32 and 52 quadrillion Btus. 107/

As already noted, considerable uncertainty surrounds
fuel mix decisions in the 1980s and even more in the future
years. A ceview of the two scenarios indicates that the
future of coal relates principally to its ability to compete
on an interfuel basis, regardless of levels of aggregate
energy demand. If the future contains an efficient and
comparatively economical and environmentally acceptable
nuclear option, coal may not even hold its present position
in the Nation's fuel mix.

But what if the nuclear option does not materialize,
or what if it is possible to significantly lower the relative
cost of coal use? What implications would this have for
aggregate coal demand, particularly if the Nation chooses to
increase its overall reliance on e¢lectric power? Neither
of the scenarios considered here are of any help in answering
questions such as these,
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We attempted to answer these guestions through use of
the FEA's National Coal Model (NCM). 1In effect, the NCM
was asked to determine the level of coal consumption under
the two scenarios with the supply assumptions incorporated
in the model. These supply assumptions related to levels
and types of electrical generating equipment, prospective
markets for synthetic fuels, etc.

Unfortunately, definitive and reliable answers couid
not be obtained in timc for inclusion in this report, The
NCM is new and further adjustments seem necessary before
its projections can be accepted with a high degree of con-
fidence. However, the projections and other data obtained
from our use of the NCM were approximately consistent with
comparable projections from other sources. Therefore, we
can summarize the principle findings cobtained from our use
of the NCM.

The most important result of the NCM output made
available to GAO was that the potential consumption of coal
in the elewtrical sector was far greater than envisioned by
either the BOM or EEI scenario. The principal reason for
this difference was the relative optimism, of both the BOM
and EEI scenarios, about the future development of nuclear
power. The NCM projects a considerably smaller relative
role for nuclear power in the electrical sector. This
result also implies that the key to coal development is
the cost and convenience of using coal compared to competing
alternatives, The level of demand for electricity is, at
least potentially, less important.

The NCM also enabled us to analyze geographic patterns
of coal development, Consumption of coal by utilities by
1985 was projected to grow nearly twice as fast in the West
as in the East* while the Central** area consumption was
projected to grow at only one-third the rate of the West,
These differences were not affected much by the level of
electrical generation for the Nation. Of course, electricity
demand can be expected to grow faster in the West, Yet some
of this difference is due to prospective gas curtailments
and the relatively low cost and convenience of burning coal
in certain western areas,

*The East consists of Census Regions 1-3 and West is
Regions 6-9.

**Census Regions 4-5.
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The geographic pattern of utility coal consumption is
approximately matched on the production side. For example,
the growth rate of production during 1975-85 was projectea
by the NCM to be more than five times as great in the
Northern Great Plains as in Appalachia or the Midwest.

This difference reflects the low-sulfur content of coal

from the Northern Great Plains and its comparatively lower
mining costs. These advantages would apparently enable coal
from States west of the Mississippi to successfully capture
markets previously served by Midwestern and Appalachian
producers. Furthermore, coal prices have increased more
than co~l transport rates so that the relative importance

of transport costs in the price of coal has declined. This
contributes to the current advantages of western coal.

Once again, these regional differernes were generally un-

affected by the overall level - . rical generation,
So, regional differences - - . .~ . ~ment appear to
depend more on decisic - ri - P ‘nce taxes, air
quality standards, etc. ihon - - . of electricity
demand. Conceivably, the most .. ~ factor affecting
regional coal development patter. ~ pe the methods

chosen for meeting clean air stands.ds, a subject discussed
in chapter 6.

In summary, many pc - L: -ma . levels for coal can
be projected, even in the con.ca. 0l the next decade. How
coal fares in competition with other electric power generation
alternatives is of vital importance. Even an economy which
relies primarily on electrical energy will not automatically
turn to heavier use of coal in relative terms since currently
it is not viewed by all as a superior alternative to nucle: r
energy.

The probability of rapid coal development is apparently
ennanced more by the relative cost advantage for coal than
by the rapid growth in energy usage. If rarid growth in coal
usage is attained, above average growth could occur in
coal production--and consumption--in the West. The extent
of a shift to the East, if any, as a result of requiring
scrubbers on all plants has not been determined.

In our earlier report to the Congress, An Evaluation
of the National Energy Plan, we assessed the various
recommendations of the administration to increase coal use
and concluded that a lot more needs to be cune. 108/ We also
noted that the work we have been doing on the production and
use of coal raises serious doubts about the possibility of
achieving the administration's plan of producing and using
1.2 billion tons of coal by 1985. Given all the physical,
economic, environmental, and public health considerations,
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it appears to us that producing and using even a billion tons
by 1985 would be difficult. Assuming, bawever, that the
difference between the administration's plan and reality is a
matter of 200 millior tons, we calculated that this would be
# shortfall on the dowestic energy supply side eguivalent to
an annual use of 2,3 million barrels of imported oil per day,
as presented in the fue'l balance tables in c(he National Eaergv
Plan. GAO's calculation was based on the administration's
estimates of what a shortfall of 200 million tons of coal
would entail using the administration's conversion factors,
However, the administration used an average Btu rate con-
version factor which does not reflect the true value of the
oll equivalent of coal.

Using appropriate conversion factors for each use
where coal would substitute for oil, GAO estimates that the
2.3 million barrels of oil shortfall noted above would actu-
¢liy be 2,2 million barrels of oil eguivalent per day.

.Upon further review, we have discovered an additional
problem. As noted above, the administration calculated supply
and demand on the basis of gquadrillion Btus and then converted
these to millions of barrels of oil a day equivalent, Using
the same conversion factor analysis as above, GAO estimates
that the oil eguivalency of the remaining one billjon tons of
coal could be 1.1 million barrels per day less than the admin-
istration's figures shown ir the fuel balance tables in the
Naticnal Energy Plan. Thus che number of barrels of oil equiv-
alent per day shown in the fuel balance tables for one billion
tons of coal (without the energy plan) should be 11,1 million
barrels per day instead of the 12.2 millicn barrels shown.*

The following table compares the two approaches and
shows the difference in the results as f'r as coal is con-
cerned.

*These figures should be aljusted aownward by 1.4 million
barrels per day equivalency for metallurgical coal which
has no oil substitutability.
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As the table indicates, the GaO and administration
estimates of trillion Btus are identical, but there is a
difference of 1.1 million barrels of 0il a day equivalent
between the two estimates beause of the different conversion
factors used. Under the administration's average conversion
factor, the production of one billion tons of coal would equal
9.5 million barrels of oil equivalent while under a historical
conversion rate, it would equal only 8.4 million barrels of
oil equivalent., If this difference in conversion factors
implied a real world shortfall, it would have to be made up 1in
one of three ways: additional imports; increased domestic pro-
duction from other sources; or increased conservation efforts,
If, on the other hand, the oil equivalent numbers in the
National Energy Plan simply reflect a mechanical use of an
average conversion factor from detailed estimates based on
actual quantities, there would be no shortfall since both
supply and demand would be less in barrels of o0il equivalent,
As discussed in the next paragraph, we are continuing our
investigation into this possibility.

In any case, these considerations raise guestions about
the factor used by the administration in converting to barrels
of oil equivalent per day for other domestic energy scurces,
which in turn ra’ses question; about the administration's total
estimates regarding eénergy supply and demand. GAO believes
the administration should either have presented its analysis
on the basis of Btus or used a more detailed set of conversions
to oil equivalency which recognized historical and other trend
data in developing the conversion factor. Otherwise, GAO
believes that the net effect could be to increase the total
energy supply and demand estimates when stated in barrels of
0il equivalent, While not rart of this study, we are contin-
uing this analysis and will be reporting our findings to the
congress,

SUMMARY

Coal usage declined markedly during the past 25 years
relative to natural gas and 0il. Even in absolute terms,
total coal consumption grew at an average annual rate of only
0.49 percent during 1950-75. Coal is not as convenient to use
as gas and oil because it is more difficult to handle ard to
ship, and, mest important'ly, it causes more pollution when
burned. Even now, for example, nearly 50 percent of all coal
consumption for powerplant use is out of compliance with
existing air quality standards.

Our main observation in this chapter is that coal use
will increase significantly in absolute terms, but may not
increase much as a percentage of the Nation's total energy
consumption.
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Given the Nation's growing reliance upon oil imports,
the conversion from oil to coal and nuclear is an important
alternative to consider. To promcte conversion, Congress
passed the Energy Supply and Environmental Coordination Act.
109/ As of December 1976, 74 conversion orders had been issued
by the Federal Energy Administration. However, only 11 have
received approval by the Environmental Protection Agency, and
only three powerplants with 158 MW of capacity have been con-
verted. Fifty-one orders have been stayed pending the instal-
lation of improved pollution control equipment.

The direct conversion possibilities in the transportation
sector between the present and the year 2000 are not very
great; in the residential and commercial sector they are also
very small; and in the industrial sector they are limited. It
is in the utility sector that the direct conversion possibili-
ties look most promising.

An attractive means of inducing the substitution of coal
(and nuclear) for oil or gas in the utility sector involves
improved load management through such measures as peak load
pricing and central dispatching (for better coordination).
Broadly defined, improved load management could increase
coal utilization by utilities by 149 million tons.

With full conversion of oil- and gas-fired utility power-
plants to coal, optimal load management, and maximum thermal
efficiency, electric utility consumption of coal could rise
to some 872 million tons in 1985. Of course, this level
of coal usage by utilities is highly unlikely by 1985. One
reason is that the growth in electricity demand will most
likely not be sufficient tc warrant cuch large coal
purchases. Furthermore, the ability of the utilities to
burn coal in compliance with air quality standards at an
acceptable cost to the consumer has yet to be demonstrated.
The key point seems to be that improved load management,
particularly through rate reform, offers considerable
promise for promoting greater coal utilization,

Future relative demand for coal depends almost entirely
upon the outcome of the contest between nuclear and coal-
fired electricity generating plants. If the future contains
an efticient and compar=tively economic ana environmentally
acceptable nuclear option, coal may not hold its present
relative position in the Nation's total energy consumption
picture.

Nuclear's future looks more uncertain than it once did.
For example nuclear units accounted for over one-half of the
uncompleted capacity in MW in the April 1 to September 30,
1976 period. Of the total 21,272 MW scheduled to be placed
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in service, only 12,505 MW were actually put on line. 1In
contrast over 80 percent of the coal-fired units scheduled
for commercial operation during the period were actuaiiv
¢itered into service.

Despite these recent indications that nuclear is
unlikely to live up to earlier expectations, current utility
plans are still predicated on expansion of nuclear power
relative to expansion of coal-fired generation. Nuclear's
apparent advantage is three mills over coal plants without
scrubbers and nearly four mills for coal plants with scrub-
bers--a cost advantage of 15 to 20 percent, Nuclear generation
is substantially more capital intensive than is coal-fired
generation even with scrubbers. The assumed advantage
of nuclear has been in projected fuel costs of one-third to
one-half that of coal-fired faciiities. Lately, however,
increasing doubts have been voiced regarding the superiority
of the nuclear option. These doubts concerrn: costs of
radioactive waste disposal and decommissioning, and the
risks of fuel reprocessing and the fast breeder reactor,

GAO interviews with utility officials ind:cated that
they believe that only large cnanges in projected costs
would significantly alter the current choice in favor
of nuclear generation. Recent developments seem to suggest.
however, that wide shifts in the comparative costs of
nuclear versus coal may not be so improbable. For example,
the utility officials noted that nuclear fuel costs woulg
have to more than double or coal prices would have to fall
by one-half or more to shift the balance in Zavor of co-al,
Given recent trends in uranium prices, a doubling of nuclear
fuel costs is certainly not impossible.

Though the outcome is still uncertain, clearly the
contest between nuclear and coal-fired Plants is getting
closer,

Synthetic fuels from coal are unlikely to be cost effec-
tive in this century. Such fuels would only become a factor
if gas and oil were unavailable at projected price levels.

A regioanal analysis of future coal development suggests
that the coal industry could experience greater expansion
west of the Mississippi. Appalachia and the Midwest could
apparently grow at only one-half the rate for the industry
as a whole. A requirement for scrubbers on all coal-fired
plants could reduce the advantage of western low-sulfur
coal and will have an effect on this analysis. The factors
are complex, involving considerations of higher westarn
versus lower eastern transportatioa distances and costs,
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lower western surface mining costs versus higher eastern,
and higher eastern Btu content versus lower western,

We have dcubts about the possibility of achieving
the administration's plan of producing and using 1.2 billion
tons of coal by 1985 or, for that matter, even the level
of one billion tons the administration assumes will be
achieved without its plan. Given all the physical, econonmic,
environmental, and public health considerations, it appears
that producing and using evern a billion tons by 1985 will be
difficult. Assuming, however, that the difference is 200
miliion tons, the shortfall on the domestic energy supply
side in terms of oil equ‘valent would be 2.3 million barrels
per day. In addition, (20 does not agree with the adminis-
tration's formula fur co.puting the oil equivalents of ~oal.
The magnitude of the difference in the administration's
calculations as compared to GAO calculations, as far as coal
is concerned, is about 1.1 million barrels of o0il eguivalent
per day.

These considerations raise guestions about the factor
used by the administration in converting to barrels of oil
equivalient per day for other domestic energy sources, which
in turn raises gquestions about the administration's total
estimates regarding energy supply and demand.
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CUAPTER 3

HOW MUCH DO WE HAVE?

As of January 1974, there were 3.9 trillion *ons of coal
rescurces in the United States, according to the U.S.
Geological Survey {UsGS). 1/ Of this total resource, 1.7 tril-
lion tons were classified as identified resources and 2.2
trillion were c¢lassified as hypothetical or undiscovered
resources. 2/ Coal resources in the ground that can be mined
economically are termed reserves*, i.e., the guantity that
can actually be mined given present technological, economic,
and legal constraints. According to the Bureau of Mines,
about 256 billion tons of the identified resources are classi-
fied as reserves and are equivalent to about 5,040 quadrillion
Btus** 3/ When compared with other domestic fossil fuel
reserv s (oil, natural gas, oil shale, and tar sands), coal
represents about 90 percent of the Nation's fossil fuel
rese.ves. 4/ The high coal demand fo—recast considered in
this report in 2000 shows coal consumption at 1,586 million
tons, If the high forecast for 2000 materializes which assumes
coal production grows annually at 3.69 percent from *“he 1976
production level of 665 million tons, the reserves of 256 bil-
lion tons, estimated under present economic and technological
conditions, could meet U.S. coal demand for about 74 years.
However, as coal prices increase, coal resources which were
not profitable to mine previously would become profitable.
This would extend the life of the U.S. reserves,

Despite the vastness of U.,S. coal deposits, there are
several problems which may infiuence the potential recover-
ability of certain reserves and in turn affect national
and regional levels of recoverability. These problems are
discussed under the following sections

*As used in this chapter, the term reserves denotes recoverable
reserves.

**To jllustrate the vastness of the Btu equivalency of esti-
mated coal reserves, 1 quadrillion Btus provide enough energy
to electrically heat and zool about 7 million typical Ameri-
can homes for one year, and are eguivalent to 180 million
barrels of o0il or 1 trillion cubic feet of natural gas.

Note: Numbered footnotes to ch. 3 are on pp. 3.24 to 3.29.
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--Coal resource and reseirve concepts: definition
and measurement.

--Reliability and usefulness of reserve and resource
estimates.

--Sulfur content of coal resources and reserves.
--Reccverability of reserves.
--Implicaticns of Federal coal ownership.

COAL RESOURCE AND RESERVE CClNCEPTS:
DEFINITION AND MEASUREMENY

The criteria for measuring and estimating coal deposits
embrace two commonly used concepls-~rescurce and reserve.
Resources are deposits of coal in such form that extraction
is currently and/or potentially feasible; reserves are
coal deposits that can be extracted under current ecoruitic
and technoloaical conditions.

Coal resources

Within the framework of resources, coal deposits aure
estimated by the UGS and are classified as ldentified resour--
ces and undiscovered resources.* Identif.ed reson-- .g refar co
deposits of coal whose location, quality (svliur, ash, mois-
ture, Btu content, ecc.) and guantity hav: been mapped anc are
known to exist from geolougic evidence supported by engineerirg
and measurements of geologic reliability. The concept of un-
discovered resources recognizes depesits of coal surmised to
exis* in unmapped and unexplored areas on the basis of broad
geologic knowledge and theory. Both subclassifications of
resources include coal deposits in beds of mirimum tiickness
(14 and 30 inches, depending on coszl rank)** occurring at:
depths to 6,000 fe.t, 5/

*Our discussion on undiscovered r.sources reters to hypo-
thetical resources.

**Identifi~d rescurces (anthracite coal excluded) include beds

of bituminous coal 14 inches or more thick, and beds of sub-
bituminous coal and lignite 30 inches or more thick.
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Coal reserves

The term reserves refers to portions of identified coal
resources that can be mined under current engineering and
economic conditions; estimates are referred to as the
demonstrated reserve base and reserves. The demonstrated
reserve base relates to coal deposits at depths and seam
thicknesses similar to those from which cosl is currently
being mined--generally having a seam thickness of 28 inches
or more for bituminous coal and 60 inches or more for sub-
bituminous and lignite coal at depths to 1,000 feet. 6/

BOM has estimataed the demonstrated reserve base to be 429
billion tons. 7/ That portion of the demonstrated reserve
base which can” actually be mined given present technological,
economic, and legal constraints is termed reserves.

Reserves are classified, by mining method, as either sur-
face or underground. Presently, surface reserves can be econo-
mically mined at depths generally no greater than 120 to
250 feet 8/; underground mineable reserves, at depths to
1,000 feet. Traditionally, an average of 80 percent of the
surface mineable demonstrated reserve base has been recovered
while only 50 percent of the underground demonstrated reserve
base has been recovered. 9/ These recovery rates when applied
to the demonstrated reserve base yield "recoverable"” reserves
of 256 billion tons.

Location of 1'.5. coal
resources and reserves

For purposes of analyzing coal deposits, coal-bearing
States have been grouped into three regiocns: the Eastern,
Central, and Weztern regions., The Eastern region includes
all coal-bearing States east of the Mississippi River,
except those in the Central region--Illinois, Indiana, and
Ohio. The Western region includec all coal-bearing States
west of the Mississippi River. Table 1 summarizes estimated
resources and reserves for the three regions.

About 82 percent, or 3.2 trillion tons, of total coal
resources are located in the Western region. Of the 429 bil-
lion tons ascsociated with the demonstrated reserve base,

46 percent is found in the Eastern and Central regions (about
23 percent in each region) and 54 percent in States west

of the Mississippi River. Estimates of reserves show 58 per-
cent in Western States with the remainder about evenly split
be tween the Eastern and Central regions.
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Quality dimensicns of
resources and reserves

Coal is commonly classified as to particular chemical
and physical properties which relate to the quality of coal
for usage purposes (direct combustion in boilers or for
conversion into synthetic fuels). The qualities in coal
which are recognized as important are its heat content
(Btu per pound), sulfur, trace element, moisture, and ash
contents. 10/ Coal deposits of the Eastern ané Central
regions have a hiigher heat content than most of those found
in Western States,

Coal deposits in the Las*ern and Central regions are
predominantly bituminous in “~nk, having a heat content range
of 10,500-14,000 Btus per pov..d. Western coal, on the other
hand, consists of bituminous, subbituminous, and lignite,
Subbituminous coal, which cemprises about 72 percent of the
Western region's demonstrated reserve base, has a heat
content ranging from 8,300 to 11,500 Btus per pound; bitu-
minous coal accounts for about 17 percent of the western
‘demonstrated reserve base and lignite, about 11 percent.
Lignite has a heat content ranging from 6,300 to 8,300 Btus
per pound.

Sulfur and ash contents are undesirable properties.
Sulfur contributes to corrosion, to the formation of boiler
deposits, and to air pollution, Overall, western coal is
appreciably lower in sulfur content compared to coal found
in the Central and Eastern regions, 11/ Ash and moisture
content vary according to coal types but generally western
coal has a higher moisture content than eastern coal,
while ash contents vary within each region.

The sulfur content of ccal has become important in recent
years, with the enactment of air quality legislation and
controls. As noted in chapter 2, increased reliance on
low-sulfur coal has shifted some demand to new mines of low-
sultur coal in the West. As discussed in chapter 6, future
environmental concerns over clean air are expected to bring a
sharper focus on the regional distiribution of coal reserves
largely driven by reserve quality differences, particularly
sulfur content,

In terms of conversion into synthetic fuels, some coal
is also more desirable than others for conversion into syn-
thetic fuels because of physical properties, Under current
technology, western coal is more desirable than castern
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coal due to its noncaking* attributes when subjected to
intense heat and pressure. Eastern coal reguires costly
pretreatment in order to minimize its caking characteristics. 12/

PROBLEMS RELATED TO THE DETERMINATION
AND RECOVERAB TY OF U.S, COA
RESOURCES AND RESERVES

Reliability and usefulness of
reserve estimates

The usefulness of existing coal resource and reserve esti-
mates variec according to the purpose for which they are used.
In broad terms, the estimates do provide a rough idea as to
the size of the Nation's coal inventories from which present
and future production potential can be projected. 1In specific
terms, the reserve estimates are of crucial importance when
assessing coal as an alternative energy source, That is,
giver current and expected future coal (and substitute fuels)
prices, reserve estimates ougut to tell decisionmakers how
much coal is and will be availatle. 13/ There are, however,
grounds for questioning the reliabilIty and usefulness of
current coal estimates in terms of their use for specifin
decisionmaking purposes. 14/ Our study indicates that
available data do not permit a useful delineation of U.S.
coal reserves,

Furthermore, since coal must compete with other energy
sources, a decisionmaker must know the total cost of con-
verting coal to energy in order to make a choice. One part
of this total cost is ' 2 extraction or mining cost. Current
reserve estimates are Lased on the assumption that only
a portion of the demonstrated reserve base will actually
be mined due to technolcgical, economic, or legal constraints,
This condition occurs because not all of the demonstrated
reserve base can be economically (profitably) recovered with
current technclogy under current cost (price) conditions. 15/

Some reserves are not mineable at specific locations
because of several factors. 1In the Eastern and Central re-
gions, most of the mining to date has been accomgplished in

*Caking coals, when heated, pass through a plastic stage and
cake or stick together into a mass and, as a result, do not
combust fully and clog the system.
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areas where multiple seams of coal are present, For economic
reasons, it can be reasoned that the most profitable (least
cost) seams of coal are mined first. This procedure often
leaves the seams above and below unused. BOM counts unused
seanis as mineable, which may not necessarily be true. If the
interval between a mined seam and an unused seam above or
beneath it is not sufficiently thick, the unmined seam may

be fractured and subsided to such an extent that the seam is
not mineable under any conditions., Water seeping through
fractures may make the roof unsupportable a=nd, therefore, the
seam is lost for mining. Yet these unmineable seams are still
included jin the demonstrated reserve base. 16/

In addition, seams of coal under populated areas, Federal-
and State-owned fcrests, parks, reservations, airports,
navigable rivers, and streams, etc., which are not legally
mineable, are also included in the demonstrated reserve base.
The land surrounding oil and gas wells is often not mineable
as large blocks of coal have to be left standing to prevent
the hazard of oil and gas seepage, but it, too, is included
in the demonstrated reserve base, 11/

To account for the portions of the demonstrated reserve
base which cannot be recovered, some estimates employ Jdiffer-
ential rates of recovery for the underground znd surface-
mineable demonstrated reserve base. Traditionally, these rates
have been 50 percent for the underground demonstrated reserve
base and 80 percent for the surface-mineable demonstrated
reserve base, Debate surrounds the appropriateness of these
recovery rates. Previous studies indicate that the amount of
coal that can be recovered trom a known deposit can vary from
about 35 percent to 9C percent. 18/ Such e wide variation in
recovery rates has raised questions as to che usefulness of
current estimates at certain locetions based on the generalized
recovery rates of 80 and 50 percent, 18/

In addition to the above geologic factors, economics
plays a major role in determining which reserves will actually
be recovered. For example, the greater the depth at which
reserves are recovered, the more costly is the operation, 20/
Reserves mineable by underaround methods are influenced by
factors other than reserves mineable by surface mining
techniques. Among the important factors besides depth of seam
in underground mining are thickness and consistency of cocal
seams, unsafe roof conditions, water deposits,
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methane* liberation, and poor floor conditions. Such factors
increase the hazards of mining, reduce mine productivity, and
increase production costs. 21/

The distribution and severity of these factors for
srecific coal reserves is not systematically available in
current publications. Cost conditions are handled vaguely.
Common to most USGS and BOM publications is the reference
to current costs without any definition of cost levels or
the distribution of costs for underground reserves at specific
locations. 22/ 1In commenting on this report, USGS stated
that neither they nor BOM have the authority to obtain actual
mining costs from industry. As presented in USGS and BOM
analyses, cost conditions are assumed to be uniformly
distributed on the basis of the criteria employed for
delineating underground reserves by geological assurance,
minimum seam thickness, and maximum depth of 1,000 feet with
few exceptions at specific locacions.

Available data, therefore, do not permit a useful
delineation of reserves on the basis of economic costs at
alternative dep’hs of deposit nor on other conditions affec-
ting productivity (costs) at specific locations. 23/

Surface reserves, on the other hand, are influenced
by fewer cost factors with depth of overburden being the pri-
mary one. Generally, surface mining is economical when the
depth of overburden to be removed is of a certain relation
to the seam thickness of the coal to be recovered. This rela-
tion is normally expressed in terms of teet of overburden
removed per foot of coal recovered, referred to as a stripping
ratio.** Wwhat is considered to be an economical (profitable)
stripping ratio is determined largely by technology in the
form of ear.h moving eguipment (shovels ard draglines) although
terrain characteristics also influence productivity levels.
For example, in the Eastern region, an economic stripping
ratio varies between 15:1 and 24:1. Stripping ratios
considered economical in the Central region vary from 15:1 to

*Methane (commonly called natural gas) is a colorless, odor-
less, gaseous hydrocarbon and is formed by the decomposition
of plant and animal matter, and occurs in pockets in under-
ground coal mines, presenting the danger of fires and explo-
sions,

**For example, a stripping ratio of 10 to 1 {10:1) means that,

on an average, 10 feet of overburden have to be removed
for each foot of coal recovered.
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20:1, while in the Western region they range between 1.5:1
to 30:1. 24/

Available data give some indication of economic strip-
ping ratios but only at the State level. As currently com-
piled, the data do not present calculations of stripping
ratios at specific coal deposits, making it di. ficult to
identify and delineate surface mineable reserves on a cost
basis.

In additionrn to guestioning the reserve estimates on
an economic basis there is some concern as to the validity
of the data sources used to derive coal estimates. The
methodology used by the USGS and BOM relies heavily upon
secondary sources., Examples of secondary data sources include
publications by State geological surveys, drilling records
of coal mining companies, petroleum exploration firms, and/or
water-well drilling companies, information in the files of
State coal mine inspectors, and private records obtainec
from individuals. 25/ Coal reserve estimates obtained from
coal companies and other proprietary sources are possibly
understated due to incentives to avoid property taxes. Many
States and political subdivisions within States where coal
deposits are vast derive substantial tax revenues from pro-
perty taxes levied on mineral deposits. Although the tax
incentive may bias reserve estimates, the exact magnitude
of the underestimation is not known. 26/

Although a uniform set of criteria has been adopted
recently by the USGS and BOM for measuring resources and
reserves 27/, the application of such criteria to such divarse
secordary data sources, without analyrcis, may result in adding
together dissimilar data bases. Much of the secondary data
used by USGS was accumvlated in the early 1900s and has not
been refined since that time, gg/

Frevious studies have shown that there are inherent
limitations of coal resource and reserve e~stimates currently
availabie at the USGS and BOM. 29/ &Alternatives that have
been discuss:d to improve the reliability and usefulness of
the estimates include: 30/

--Stratigraphic drilling and mapping.

--Submission of coal reserve estimates by companies,
including some degree of verification.

These could generate a more accurate picture of useable
coal reserves. This is particularly important in the Eastern
and Central coal regions where current estimates date back
to the earlier part of this century. Since coal production
could be quite significant in these regions, it is important
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that a reliable coal reserve estimate be obtained. A sub-
stantial reviginn ir estimates of the quantity and quality

of eastern coal fields would lLave an impact on the level and
need for investments in western coal mines and transportation
facilities, Furthermore, if refined resource estimates indi-
cated that Eastern and Central utility markets could be sup-
plied with low-sulfur reserves from eastern coal fields, the
Federal coal leasing progran in the West could be modified
accordingly.

There are some problems relating to the legality and the
efficacy of a federally funded stratigraphic drilling program.
One potential legal problem is the authority of a Federal
agency to explore and conduct drilling programs on privately
owned lands, particularly in eastern coal fields. In eastern
coal fields, surface as well as mineral rights are largely
privately held. Although no comprehensive study of eastern
cocal owrership rights has been undertaken, available evidence
indicates widespread private ownership in the Central and
Eastern fields. In the Western coal region, ownership is less
of a problem since the Federal Government owns about 70 per-
cent of the mineral rights of coal-bearing lands west of the
Mississippi River. The Government‘s ownership paittern
of western coal lands has the potential of influencing the
development of another 20 percent of western coal-obearing
lands (owned by States, railroads, and individuals) bordering
on Federal lands. 31/

Ir. the Northern Great Plains Sta:tes of Montana, North
Dakota, South Dakota, and Wyoming, the Federal Government
owns about 14 percen: of the surface rights and about 60 per-
cent of estimated coal reserves underlying about 91.6 million
acres (143,125 square miles) of coal-bearing lands. These four
States own 5.4 percent of the remaining surface area and 6.3
percent of all mineral) rights. 32/ Federal drilling in these
coal-rich States is less constrained by ownership, and in
fact, exploratory drilling by the USGS on Federal lands is
authorized under recently enacted Federal Coal Leasing Amend-
ments Act of 1975 (Public Law 94-377), prior to additional
leasing of Federal coal lands.

Cost of conducting a stratigraphic drilling program
depends on several geologic and economic factors. For
example, in fiscal year 1976, the USGS's coal exploratory
drilling prcrram was funded for $1 million with which
500 holes were drilled at an average cost of $2,000 pe. hole.
For fiscal year 1977, the Survey's drilling program is
funded for $Z.5 million with which 1,255 holes are to be
drilled. USGS's drilling program 4as been and will continue
to be heavily concentrated in Mon.ana, Wyoming, and North
Dakota; these States include about 75 percent of all USGS
drilling activity. The average cost of drilling per
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vertical foot varies according to terrain condition

(flat, hilly) and depth and composition of overburden.
These costs vary in the Western States from a low of $2.35
per foot to a high of $25 per vertical foot. 33/ In the
Central and Eastern regions, these costs range from $1il

to §15 per foot. 34/

Given probable legal constraints, if a systematic nation-
wide drilling program were to be undertaken, it is likely that
n-w Federal legislation would be required to allow such acti-
vity on private lands, particularly in the East and Midwest,

The second means of refining resource and reserve
estimates--submission and verification of privately neld
records—--would serve to enhance data reliability at a lower
cost compared to a comprehensive or select drilling ard
mapping program. However, this approach may not produce
data for large areas of coal-bearing lands as not all coal
lands throughout known coal fields have been previously
explored and drilled. To produce meaningful results, a
verification program would also likely require limited
drilling and mapping of unexplored coal fields which may
hold large quantities of desirable (low-sulfur) coal. To
gain the cooperation of industry and minimize legal delays,
incentives or legislative changes may be useful. An example
of an incentive would be a Federal tax credit to firms that
developed and reported their coal reserve holdings according
to specified criteria.

Sulfur content of coal
resources and rerfr.erves

Under existing Federal and State air quality standards,
coal consumers are limited to using coal with low-sulfur
levels, reducing sulfur contents before combustion (washing
and blending) or removing emissions following combustion.
Accordingly, a crucial qguestion is whether there are
sufficient supplies of low-sulfur coal to satixfy our energy
needs from coal through 2000. Because control technology
currently available for removing sulfur from coal before com-
bustion increases capital and production costs, electric utili-
ties are generally inclined to choose low-sulfur coal to reduce
or eliminate the problem of removing emissions following com-
bustion using current control technelogy.

Sulfur occurs in coal in the form of organic sulfur and
as pyritic sulfur. The former is bonded in the coal and cannot
be removed by mechanical washing while some pyritic sulfur can
be removed. A recent BOM study based on 455 1U.S, coal samples
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concluded that current coal-cleaning technology will not
significantly increase the amount of coal which can be
directly burned in accordance with Federal new source
performance standards promulgated under the Clean Air Act
amendments of 1970 (Public Law 91--604)--1.2 pounds of sulfur
dioxide per million Btus. 35/

Current estimate! of locw-sulfur coal are mostly made in
the context of the deaonstrated reserve base. The sulfur con-
tent of the remnaining identified resources is not accurately
known. 36/ Estimates of low-sulfur coal reserves may not be
reliable to the degree desired for long-term national enerqgy
planning but they do yive some idea as to their gross availa-
bilities, BOM estimates reveal that about 31 percent of U.S.
reserves, or about 78.9 billion tons, can be used for direct
combustion and meet Clean Air Act standards without being
cleaned prior to combustion. Of the estimated 78.9 billion
tons, 8 billion are located in the Eastern region, .3 billion
tons are in the Central region, and 70.6 billion (89 percent
of the total estimate) are in the Western rejion, Table 2
delineates estimated reserves by region of location, method
of mining, and pounds of sulfur dioxide per miilion
Btus, 37/

Two Western States-~-Montana and Wyoming--have 1ibout
80 percent of the country's 78.9 billion tons of low-sulfur
coal, according to BOM estimates. Montana alone is estimated
to have about 69 percent of the Nation's known reserves of
low-sulfur coal, according to BOM data.

The regional distribution of low-sulfur reserves presents
a dislocation in terms of both future coal production and coal
use. That is, a large portion of these reserves 1is located
in the Western region and is a considerable distance from tra-
ditional coal consuming centers, particularly the Eastern
United States, and new coal consuming areas in the fouthern
and Southwestern United States, 38/
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Assuming no change in current pollution standards, low-
sulfur coal will most likely be used to a great extent to meet
air pollution standards. Tabtle 3 shows a compariscn of low-
sulfur coal reserves and cumulative demand requirements for
the scenarios, As shown in the table, we can surmise that
known estimates of low-sulfur ccal reserves will be depleted
by almost one-third by the year 2000 (column 5 in the table)
if low-sulfur coal is the only coal used to satisfy added coal
demand.

Assessing the adequacy of low-sulfur reserves must also
take into account the reserves of metallurgical coal which,
among several unique qualities, has low-sulfur content. 39/
The major use of metallurgical coal (also called "met coal"
or coking coa is production of coke, an essential ingredient
in the manufac.urirng of iron and steel. 40/ Coke is usually
made from blends of several metallurgical grade coals which
are broadly classifiod as either premium-grade coking coal or
marginal-grade coking coal. 41/ According tc BOM, premnium-
grad- coking coal, as generally accepted, con.ains no more
than eignt percent ash and one percent sulfur when mined or
after conventional cleaning. Marginal-grade contains between 8.1
2nd 12 percent ash, and between 1 and 1.8 percent sulfur., 42/
(oking coal used for metallurgical coke production must havVe
relatively small amounts of ash and sulfur, as all of the ash
and a large portion of the sulfur remain in the coke and can
reduce the quality of the metals. 43/ Reduction of ash and
sulfur in the metallurgical process 1s essential and
costly. 44/

The broad classifications of premium-grade and merginal-
grade metallurgical <oals are further distinguished by the
amoi.«t of fixeA carbc.: and volatile matter* they contain, 45/
BO.: classifies coa. av low-volatile it it contains from 14
to 22 percent voletile matter and medium-volatile if it
contains 22 to 31 percent. 46/ Low-volatile metallurgical
coal included in a coal blend serves to increasc the yield of
a coke manufacturing operation, and to produce a higher strength
coke, with slow-burning, even-heat advantages for steel manu-
facturing and other high-value uses. BOM reports that as yet
there are no accurate estimates of coking coal reserves, but
prior Bureau reports have indicated that about 20 billion tons
of the demonstrated bituminous ccal reserv. base of 233 billion
tons consists of premium~quality coking coals, 47/ An assessment
by BOM indicates that about 7 billion tons is low-volatile
coking coal. 48/

*Volatile matter consists mainly of combustible gaseous
hydrocarbons but includes some inert gases such as carbon
dioxide.
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Coking coal occurs in about 20 States, but it is esti-
mated that at least Y0 percent of all coking coal is in
the Eastern region. West Virginia has, by far, the largest
quantities of both premium- and marginal-grade coal,
followed by Pennsylvania and Kentucky. Kentucky coking
coal, however, has high-volatile matter content while
Pennsylvania has high-volatile as well as undetermined
quantities of medium- and low-volatile coking reserves,
Known deposits of low-volatile coking coal occurs only in
West Virginia, Pennsylvania, V rginia, Maryland, Arkansas,
and Oklahoma. 49/ The lack of accurate and reliable data
regarding premium-grade coking coal has fostered a contrn-
versy concerning how much low-volatile premium-grade c¢oal
is produced and exported, and whether these exports will
affect unfavorably our future domestic steel production
capabilities. 50/ 1In 1276, about 250 millior tons of metal-
lurgical coal were produced. Of that amount, 90 million
tons were used by the domestic steel industry, and 50
million tons were exported, leaving some 110 million
tons for other uses, most likely by electric utilities
in search of low-sulfur coal. 51/

Although metallurgical coal requirements were included
in the above analysis cof the adequacy of low-sulfur reserves,
it should be noted that market pressures may restrict the use
of metallurgical coal deposits by electric utilities. For
example, recent data show the average (spot market) price
(FOB mine) range of metallurgical coal to be $26 to $50 per
ton as compared to an average price range of about $7 to $20
per ton for steam coal. 52/ Becauvse of these price differen-
tials, the steel companies who own substantijal amounts of
metallurgical coal reserves may continue to be the principal
users.

The data, as indicated above, reveal that about 110
million tons of metallurgical coal may have been consumed by
electric utilities in need of environmentally acceptable
low-sulfur coal. We were unable to determine whether this
coal was of premium-grade quality since official data are
not available, making it speculative whether this represents
a future trend. A.ailability of acceptable environmental
control technologies and potential Federal requirements for
their use at electric utilities could reduce the demand for
low-sulfur coal.

Recoverability of reserves

Ccal can be mined by three techniques--underground,
surface, and auger mining. Auger mining is essentially
a form of surface mining. On an economic basis, surface
mining offers significant cost advantages over underground
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mining. Over the past several years, the Congress had debated
and passed legislation, which was subsequently vetoed, on
setting standards for surface mining and reclamation, The
95th Congress and the new administration Placed a high
priority on controlling surface mining, which resulted in
passage on the Surface Mining Control and Reclamation Act

of 1977 (P.L. 95-87). 53/

Surface mining has received national attention because
of its adverse environmertal impacts. <fnesc impacts can
be reduced by regulating the coal industry's surface mining
activity. The nature of these adverse environmental
impacts is discussed in chapter 6.

The recently enacted surface mining legislation
(P.L. 95-87), prohibits mining of certain coal reserves
because of the potential adverse environmental effects during
and after mining operations, Among the restricted areas are:

--Alluvial valley floors,
--Steep slopes,

-~Federal lands where surface owners' rights are
protected.

P.L. 95-87 contains an alluvial valley floor restric-
tion which will eliminate some reserves firom being mined,
However, it allows for the continuation of current mining
operations producing coal in commercial quantities in the
year preceding enactment of the law, or which had obtained
permit approval by State regulatory authorities., 54/

Alluvial valley floors consist of unconsolidated deposits
formed by streams or channels where ground-water levels

are high enough to permit irrigation which is vital to farming
and ranching operations, 55/ As defined in F.L. 95-87,

the restriction would affect parts of Montana, Wyoming,

North Dakota, Utah, and Colorado. Recent studies indicate
that the amounts of surface areas and coal reserves affected
by the restriction in these regions would be small--only
about 3 percent of the surface area, 56/ One study concluded
that perhaps .6 to 2.4 billion tons of surface-mineable
reserves may be restricted in order to protect alluvial
valley floors in agriculturally developed areas, a small
amount when compared to the vastness of western surface-
mineable reserves, 51/

Surface mining restrictions based on the angle of the
slope overlying coal reserves are also provided in
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P,L. 95-87. The act defines a steep slone to be any slope
above 20 degrees, or such lesser slope as may be defined by
regulatory authority (the Secretary of the Interior or the
State involved) after considering regional environmental

and geological factors. 58/ For all practical purposes, the
Eastern region areas of southern West Virginia, eastern
Kentucky, Virginia, and eastern Tennessee would be

affected most by steep slope reserve restrictions. However,
accurate estimates of econumically recoverable reserves

lost to mining by the steep slope restriction are not
available, Technological advances in the practice of
mountaintop removal* may permit recovery of some reserves
under steep slopes at certain locations 59/ in an environ-
mentally acceptable manner. 60/

Public Law 95-87 also provides protection to owners
of surface rights overlying federally-owned coal. Written
consent from surface owners must be obtained by tne Secretary
of the Interior befor. such land can be leased for surface
mining. 61/ No accurate estimate exists as to the amount
of Federal coal mineral rights that is overlai by non-Federal
surface rights, One study indicates that as much as 14
billion tons of coal could be prohibited from surface
mining under this provision in the seven-State region
consisting of Colorado, Montana, New Mexico, North Dakota,
Oklahoma, Utah, and Wyoming. 62/ This highly uncertain
estimate indicates the need for more reljable and accurate
reserve data on Federal coal lands.

Recoverability of coal resources at some locations
may also be reduced because of incremental mining costs
associated with reclamation and restoration reguirements
in the act. The act (1) prohibits leaving "highwalls"--
nearly vertical overburden formations similar to highway
corridors cut thrgugh mountains--after reclamation;

(2) imposes strict criteria for mining steep slopes,
generally found in Appalachia, including the prohibition

of placing overburden on hillsides in order to prevent
landslides and other environmental damage; (3) minimizes
disturbances to the prevailing hydrologic balance in surface

*Mountaintop removal mining is practiced where coal

seams are close to “he _ops of mountains. This technique

is the most economical method of mining these coal deposits
and requires the removal of all overburden covering the coal
seam,
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and ground-water systems during and after mining operation
activities at the mine site and associated areas; and

(4) requires that mined land be restored to its approx-
imate original contour with exceptions for mountain-

top removal operations and other variances permitted

by the act. 63/ Public Law 95-87 also establishes a fund
to reclaim abandoned mined lands financed by a 35 cents
per ton fee on all surface-mined coal* and a 15 cents

per ton fee on deep-mined coal or 10 percent of the

value of the coal at the mine gate, whichever is less. 64/

These reclamation and restoration requirements
will increase the cost of mining coal at specific locations.
Some States already impose reclamation and restoration
requirements similar to the Federal regulations. ¢5/
The major cost element for most surface mining reclamation
operations is the cost of handling overburden. When
backfilling and regrading is performed to restore terrain
to its approximate original contour, mining costs increase
as a result of more extensive rehandling of overburden. 66/
Operating costs as well as capital costs per ton of coal
recovered will be increased since additional labor and
equipment will be required to reclaim and restore the
terrain disturbed during mining operations. Although
no accurate estimate of these incremertal costs on a per
ton basis by region is available, a recent study indicates
wide variations in reclamation (operating) costs per acre
for existing mines, ranging as high as $4,895 (1976 dollars)
on near-level terrain to $7,743 (1976 dollars) on steep
slopes, and up to $11,125 (1976 dollars) on very steep
slopes. 67/

Because cost variaticne can range widely it is diffi-
cult to determine with accuracy the magnitude of surface-
mineable resources affected by P.L. 95-87 at various levels
of coal demand and prices. However, the impact will vary
from one location to t-e next as terrain, technological,
geologic, and economic conditions differ.

*The reclamation fee for lignite coai is 2 percent
cf the value of the coal at the mine gate, or 10 cents
per ton, whichever is less,
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Implications of Federal coal ownership

The Government is in a good position to influence the
recoverability of coal reserves due to its control over much
of the mineral rights in the Western United States. 1In the
States west of the Mississippi River, the Government owns
about 70 percent of the coal and can influence the develop-
ment ot another 20 percent bordering on Federal lands. 1In
addition to its western holdings, the Government owns about
4.6 million acres of coal land in Alabama, Arkansas,
Kentucky, Mississippi, and Virginia.

Western coal has assumed an important role in this
Nation's coal development because (1) it is agenerally
easier and more economical to produce because it is surface-
mineable and it occurs in very thick seams, (2) western
lands are usually easier to obtain in large tracts than
eastern lands and, therefore, can be more efficiently mined,
and (3) western lands are rich ir deposits of low-sulfur
coal. 68/

Under “he Mineral Lands Leasing Act (30 U.S.C. 181), and
1@ Mineral Leasing Act for Acquired Lands (30 U.S.C, 351),
the Federal lands containing coal deposits may be leased
for mining coal. The Government has currently issued leases
for coual deposits thought to contain an estimated 17.3
billion tons of reserves. There are an additional 10.3
billion tons under Preference Rights Leasing Applications.
69/ However, the cumulative coal production on Federal
Tands was only about 380 million tons through 1976. 70/

The Department of the Interior's (DOI) es-imate of 17
billion tons of reserves under lease is at best a rough and
conservative appoximation of the actual resources under
lease. The reliability of the estimate is qguestionable
because most of the information used in arriving at it is
based on 1973 conditions, a time at which coal market
(FOB mine) prices were considerably lower than those ob-
served today. 71/ The higher prices, particularly if they
are anticipated to remain at or above current levels in
relation to production and transportation costs, have the
potential impact of increasing the amount of recoverable
reserves on coal lands currently under Federal lease. At
higher prices, identified resources which were not consi-
dered to be economically recoverable may now be recovered
profitably. If higher prices expand reserve estimates, this
might obviate the need for new Federal leasing, at least
on a temporary basis, as demands for low-sulfur western
coal increase, With accurate information on coal
reserves, Federal decisionmakers could choose either to
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lease more Federal land or to maintain the current number of
leases and promote higher future production levels. Addi-
tional information is also needed as to the role of non-
Federal coal in western coal development before responsible
Federal leasing policies can be formulated.

Coal reserves under Federal lease and associuted issues
surrounding Federal coal leasing policy are currently being
reviewed in an ongoing study by our Office. Our study will
analyze 250 of the 536 current leases, representing about
65 percent of DOI's estimate of reserves under lease, as of
December 1975, Preliminary findings show that of the 250
leases, 130 are in come stage of development, indicated by
either an approve< mining plan, a mining plan under DOI
review, or a mining plan in preparation. These preliminary
findings, particularly if they remain consistent for the
balance of the leases to be audited, indicate an expanding
rcle of Federal coal in the Nation's total energy picture,

In summary, at this time, the extent of the need for
new Federal coal leasing is unclear, due to the little
information on the current reserve situation and the many
policy options affenting Federal coal leasing.

In addition to coal deposits on Federal lands adminis-
tered by the Bureau of Land Management, there aré sizable
guantitites of coal resources on Indian reservations. The
Bureau of Indian Affairs is responsible for all phases of
management of minerals on ‘Indian lands through the leasing
process. Although an accurate estimate of coal resources
on Indian lands does not exist, the USGS has estimated that
33 reservations in 11 States, spread over a total of 34.5
million acres, contain from 100 to 200 billion tons of
identified coal resources, 72/ These resources on Indian
lands represent about 7 to I3 percent of the Nation's
identified coal resources, Available estimates of the coal
reserves on Indian lands are limited to leased Indian lands
only and have been estimated to be about 5.4 billion tons,
About 3.5 billion tons are considered recoverable, as of
March 1975. 73/

Currently, five coal mines are operating on Indian
lands. Two are located in Arizona on joint-use land of the
Navajo and Hopi Tribes; two are in New Mexico on Navajo
land, and one mine is operating on land leased by the Crow
Tribe in southeastern Montana,

In terms of western coal development, Indian coal lands
are available in large tracts not subject to checkerboard
surface-ownership patterns which characterize vast amounts
of federally-owned coal lands in the Northern Great Plains,
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This checkerboard ownership pattern has been said to delay

the consolidation of logical mining units on Federal coal

lands because public hearings can be requested under Public

Law 94-377 before the Secretary of the Interior can appcrove
consolidation., For these reasons, Indian coal lands now

under lease or potentially leaseable may become more attractive
to western coal developers,

SUMMARY

As of January 1974, there were 3.9 trillion tons of coal
resources in the United States. Of this, 1.7 trillion were
classified as identified resources.

Coal resources which can be mined given current tech-
nological, economic, and legal constraints are termed
reserves. U.S. coal reserves are about 256
billion tons and represent 90 percent of ithe Nation's fossil
fuel reserves.

Under the high coal demand forecast in this report--an
annual coal growth rate of 3,69 percent--today's known coal
reserves will satisfy demand for about 74 years.

Coal in the Eastern and Central regions has a higher
heat content thaa most found in the West. But overall,
western coal is appreciably lower in sulfur content.

Available data do not permit a useful delineation of
reserves on the basis of economic costs at alternative depths
of deposit nor on other conditions which affect productivity
(costs) at specific locations. Available data give some
indication of economical stripping ratios (ratio of overburden
to coal) but only at the State level, 1In addition, the reserve
estimates of the USGS and BOM are questionable because they
rely so heavily upon secondary sources. Coal reserve
estimates obtained from coal companies and other proprietary
sources are possibly understated due to incentives io avoid
property taxes. The exact magnitude of the underestimation
is not known.

The usefulness and reliability of coal data could be
advanced by federally-sponsored stratigraphic drilling and
mapping, and by verification of coal company reserve estimates,
Given probable legal constraints, if a systematic nationwide
Arilling program were to be undertaken, it is likely that
new feceral legislation would be required to allow such
activity on private lands, particularly in the East and
Midvecst,
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A substantial revision in estimates of the quality and
quantity of eastern coal fields (current estimates date back
to the earlier part of this century) would have an impact
on the level and need for investments in western coal mines
and transportation facilities. The timing of Federal coal
leasing would also be affected.

A specific problem of coal resource and reserve estimate
reliability is whether there are sufficient supplies of
low-sulfur coal to satisfy the demand through the year 2000.
Generally, electric utilities are inclined to choose low-
sulfur coal to reduce or eliminate the problem of removing
emissions following combusion using current control tech-
nology.

BOM estimates that about 31 percent of the Nation's
coal reserves can be used for direct combustion and meet
Clean Air Act standards. About 89 percent of this coal is
in the West. Wyoming and Montana account for 80 percent of
the Nation's low-sulfur coal.

30M reports that as yet there are no accurate estimates
of the Nation's metallurgical coal reserves; this coal ic
used to produce coke, an essential ingredient in the
manufacturing of iron and steel. The lack of accurate and
reliable data regarding metallurgical coal, especially
premium-grade metallurgical coal, has fostered a controversy
concerning exactly how much premium-grade metallurgical coal
is produced and exported and whether these exports will
unfavorably affect the Nation's future domestic steel pro-
duction capabili-ies.

Recent surface mining legislation partially restricts
surface mining in alluvial valley floors or on steep slopes,
Recent studies indicate that the coal reserves affectea
by the alluvial valley prohibition would be small. No
accurate estimates exist, however, concerning reserves
under steep slopes.

The legislation also provides for the protection of
surface owner rights on Federal coal lands. One study
indicates that as much as 14 billion tons of coal could be
prohibited from surface mining under this provision in the
7-State area of Colorado, Montana, New Mexico, North Dakota,
Oklahoma, Utah, and Wyomina. This estimate, it should be
noted, is highly uncertain, indicating the need for more
reliable and accurate data on Federal coal lands,
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CHAPTER 4

HOW DO WE GET IT?

Our reference scensrios of future enerqgy needs forecast
that annual coal production will be from 779 to 988 million
tons by 1985 and from 942 to 1,586 million tons by the year
2000. The importance of these projections is apparent when
examining recent production data, During 1975 bituminous and
lignite coal production in *“e United States amounted to 648
million tons, 1/ The coal industry employed an average of
189,880 miners of which 134,710 worked in underground mines
and 55,170 in surface--strip and auger--mines. 2/ As esti-
mated by the Rureau of Mines, 665 million tons of coal were
produced in 1976, and average employment increcased to 208,000

miners, 3/

The expected growth in the coal industry within the
25~year period of 1975 to 2000 is important. Achieving the
forecasted production goals will require the following:

--Opening 438 to 825 new mines.

-—-Recruiting and training 288,300 to 531,600
naw miners.

--Manufacturirg considerable quantities of mining
eguipment for underground and surface mines.

--Securing $26.7 to $45.5 billion in capital.

--Continuing research and development efforts by BOM,
the Mining Enforcement and Safety Administration
(MESA), and the coal industry to improve mining safety
and health conditions and increase productivity levels,

To determine the potential problems in achieving these
goals, our review of coal production addressed the following

matters.

--Coal industry plans for operning and operating new
mines rneeded to satisfy future ccal production,

--The number of qualified personnel needed to produce
the coal.

--The equipment needed to achieve coal production goals.

Note: Numbered footnotes to ch. 4 are on pp. 4.60 to 4.71.



-~-The capital requireld to meet expected development
needs.

--The possikle horizontal divestiture by oil companies
of coal interests and their rclated impact on capital
availability to coal mining.

--The impact of the Federal coal mine loan guarantee
program on capital availability.

--Legislative and tax impacts on current and planned
coal mine operation and expansion,

--Research and development efforts being made
currently and contemplated for the future
to improve mine health and safety conditions and
to increase productivity.

The nature of the coal industry and the outlook for coal
production and potential problems are discussed in the
following sections,

DESCRIPTION OF THE COAL INDUSTRY

There are three types of coal mine operations: 4/

~--Mine operations (captive mines) belonging to utility,
metal, and mineral comgpanies, which are generally
large in size.

--Major diversified corporation holding companies,
multiproduct, and multinational corporations,
(including oil companies) for which coal mining is
one of several interests.

--Independent companies with coal as their primary
product.

Business structure

A study by BOM, "The State of the U.S. Coal Industry,”
issued in 1976, points out that there have been great changes
in the structure and behavior of the industiy. The report
stated that the producers started out as smail companies.
Until recently, because of the vigorous competiiion from
natural gas and oil, the coal industry has not experienced
any sustained growth, although there was a brief expansionary
period during and shortly after World War II. Th2 promise of
nuclear energy in the early 1960s further limitzd the market
outlook for coal. The report concluded,



"Accordingly the industry which was extremely
fragmented with about 5,000 companies (few large
and many small) made little capital investment
in new mines, expansion and improvement of
existing mines, or purchase of machinery,"

In the 1Y60s other resource-based companies, especialiy
major oil companies, moved to purchase coal-producing com-
pPanies and acquired coal rese:ves through outright purchase
and lease. 1In testimony on Aprii 5, 1977, before the Senate
Committee on Energy and Natural Resources, the President of
the National Coal Association stated that coal companies con-
trolled by vil interests now own roughly 18 percent of U.S,
coal reserves. Most of the large companies (annual production
of more than 3 million tons) became subsidiaries or affiliates
of major oil companies, utilities, steel companies, or other
mineral resource producecrs. Nearly all of the top 15 coal
producers are in this category,

Major steel, public utility, chemical, and metal com-
panies have accelerated their move toward coal self-suffi-
ciency and, like the oil cumpanies, are aggressively acquiring
small coal companies and coal r:serves, Although several small
coal companies were formed and existing companies added coal
ventures as their principal line of business, the tirend has
been toward fewer but larger companies, 5/

The BOM report points out that today's coval mines use
costly mining equipment. Additi~nal expensive machinery must
also be installed to meet requlatory ctandards for health,
safety, and environment. Opening nev ~ines and expanding
existing ones requires enormous amoul of capital and takes
a long time. 6/

The report further states

"The number of small comparies will no doubt
continue to decline owing to ircreased cost of
operations and difficulties in attracting new
capital for mine improvement and expansion,
purchase of mining equipment, and opening of
new mines, The long leaditime for completion,
coupled with the full impact of expenses of the
1969 Coal Mine Health and Safety Act, compounds
this difficulty. Morecver, mary of the natural
resource-based companies have accelerated their
acquisition program of coal reserves and small
producers." 7/

BOM estimates that there are about 3,970 comipanies,
including subsidiaries, producing coal. Of these, 597
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vompanies account for 94.5 percent of the national coail
producticn. The remaining 3,393 companies each produce less
than 100,000 tons of coal per year, or about 8,000 tons per
month, and represent approximately 5.5 percent of the national
total. Those companies producing less than 100,000 tons of
coal per year account for a smaller portion of total
production-~declining from 17.8 percent in 1949 to 5.5 percent
in 1974. A summary of coal producers, by size, is shown in
the following table. 8/

Table 1

Number of Coal Companies in 1974

by Size and Production

Number of Percent of
Size class companies Production total production
(thousands
of tons)
3,000,000 tons and over 31 347,437 57.8
1,000,000 - 2,999,999 tons 42 78,489 13.0
500,000 - 999,999 tons 59 40,740 6.8
100,000 - 499,999 tons 465 101,759 16.9
Less than 100,000 tons a/3,303 32,575 5.5
Total 3,900 b/ 601,000 100.0

A ——— —

a/Estimated.
b/Preliminary.

In describing the coal market, the BOM report estimates
that about 85 percent of all coal mined is sold domestically
ot exported under long-term contracts (5 to 30 years), or
produced by captive mines; this leaves approximately 15 per-
cent on the open market, known as the "spot" market. Both
the long-term contract and spot markets are competitive in
terms of price, service, and quality of prod-ct. 1In
addition, they are subject to competition from other energy
sources. 9/

PRODUCTIVITY

Initially, coal was obtained primarily bv stripping and
limited tunneling into the side of a hill (drift mines). 1In
the drift mines, coal was urJercut by hand and wedged down
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until explosives came into general use, 1In the 1870s coal
undercutting machines driven by steam and, later, compressed
air were used to increase productivity. 10/

The era of underground coal mechanization and increased
productivity began in the late 1930s., All major tools became
powered and productivity rose in the 1940s from 4 to 6 tons
per worker-day. In the 1950s production increased to 11 tons
per worker-day. The late 1950s marked the beginning of
a new machine called the continuous miner, and in the 1960s,
after its use increased, productivity also increased to about
16 tons per worker-duy. 1/

In the 1%60s the introduction of longwall and shortwall
mining equipment and techniques for controlled subsidence re-
sulted in the increased recovery of available coal resources.
The continuous miner room and pillar technique recovers only
50 percent of the available coal, while shortwall/longwall
mining techniques can recover from 80 to nearly 100 percent
of the available coal resources, 12/

Surface mine operations raised productivity through
the development and greater use of driilers, bulldozers, hau-
lers, scrapers, front-end loaders, shovels, bucket wheel exca-
vators, and draglines. Further productivity gains ocurred
through increases in the size of coal equipment. The result
of all these developments was a sharp increase in output per
worker~-day and an increased dependence on equipment. There
was also a steady rise in surface mining which is inherently
more productive. 13/

The following table nighlights the changes in mining
productivity that have occurred during the past 36 years. 14/

Table 2

Productivity and Mining Trends

Productivity Production
Underground sarface Underground Surface Total
Strip Kuger )
Yea: (tons per workec-day)  ~----= (miilion tons)--eoeecaaaas
1940 4.86 15.63 418 43 461
1945 5.04 15.46 468 110 574
1950 5.75 15,66 393 123 516
1955 8.28 21.12 22,22 344 121 465
1960 10.64 22,33 31,36 285 131 4)6
1965 14.00 31.98 45.85 333 179 512
1570 13.76 35.96 34.26 339 264 003
1973 11.66 36.30 45.33 299 292 591
1975 9.54 a/26.69 292 356 64y
1976 8.50 b/2%.00 296 369 665
{note b)

a/strip and auger combined (see glossary for description of auger
mining).
D/R1l1 1976 figures are estimates.



Productivity has declined since 1969 especially in
underground mines. This decline is attributzble to many fac-
tors. BOM indicated the following among the principal causes.
15/

--Requirements of the 1969 Federal Coal Mine Health and
Safety Act which increased the number of p«rsonnel
in the mines,

--Changes in mining conditions such as the guality of
mine roofs, types and widths of coal seans, distances
from entrances of mines to the operating face, and
overburden ratios and characteristics.

--Introduction of great number of inexverienced miners.

--Increased exploration activity by all companies,
especially surface mines,

--Requirements for additional personnel in accordance
with provisions of union agreements.

~-Unscheduled interruptions in production caused by wild-
cat strikes and absenteeism.

Effects of productivity on pricing

Increases in productivity, in part, allowed p:ices to
remain stable in spite of inflationary trends in the 1950s
and 1960s, but atter 1970, prices rose steadily with a sharp
increase in 1974. The following tabl: shows the trend in
mine-mouth prices and labor costs over the past 21 years.
16/

Table 3

Coal Prices and Earnings (note a)

Miners' earnings

Average price per ton (FOB mine) Hourly earning per ton of coal
Year Underground Strip Auger of Coal miners Underground Strip Auger
1955 $10.14 $7.51 $7.51 $5.15 $4.99 $1.94 sS1.86
1960 9.53 6.93 6.25 5.82 4.37 2.04 1.48
1965, 8.44 6.11 5.75 5.98 3.41 1.48 1.04
1970 10.31 6.53 8.47 6.38 3.70 1.42 1.32
1971 11.75 6.88 8.71 6.43 4.28 1.44 1.32
1972 12,34 6.97 8.32 6.81 4.57 1,52 1.27
1973 13.04 7.35 8.89 6.90 4.73 1,52 1.22
1974 21.71 b/13.39 6.80 6.62 1,65
1975 26.28 b/13.44 7.23 6.06 2,17
1976 27.10 b/14.00 N/A N/A N/R

(note ¢)

a/All data other than 1976 are in 1975 constant dollars.
b/strip and auger combined
C/All 1976 figures are estimates.



Miners' earnings per ton of output are based on the
overall average output per worker-day for each category in
the years concerned, using the average wage rate shown, It
should also be ncted that the above prices represent average
prices for the country. 1In 1975 the average price for sur-
face~mined coal in North Dakota was $3.17 per ton, in Montana

.06, in West Virginia $24.04, and in Arkansas $32.76. The
average price for underground coal by State ranged from a
low of $10.62 in Iowa to a high of $33.77 in Alabama. 17/
We assume that the differences in Price are based mainly on
production costs and the quality and grade of coal.

Comprehensive and up-to-date cost figures on coal produc-
tion are not available from any of the sources we contacted
during our review. The March 1976 study of coal prices per-
formed by the Council on Wage and Price Stability pointed
this out and noted that costs vary srostantially among mines,
They also pointed out that the averuge value per ton of coal
rose much more rapidly than labor costs in 1974 and 1975,

They concluded, "Unless all other costs have grown more
quickly than labor costs (which appears doubtful), the average
Price has also outpaced total costs." A study of selected
companies showed that from 1970 through 1973 profits declined
and in 1973 the average net income was only 20 cents per ton.
In 1974, prices rose and net profits rose to $2.80 per ton or
18 percent of the average value per ton. 18/

In 1976 BOM prepared estimates of production costs for
use in projecting capital requirements; the Projections are
based on the 1974 Bituminous Wage Agreement and 1975 prices
indices. We did not verify the accuracy of the estimates
but believe that they provide a reasonable basis for com-
paring production costs between various mine sizes and
between surface andg underground mines. These figures can-
not be compared with the average price per ton since the
average price represents all mine Sizes regardless of location
or degrees of mechanization. The BOM estimates of production
¢osts are shown in table 4. 19/
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A principal factor for the variation in productivity
and cosi between mines is the thickness of the coal seam.
BOM estimates that the selling price for surface-mined coal
varies considerably, based on the thickness of the seam. 20/

--Coal mined in the Eastern province* could sell at
$6.94 per ton from a 6-foot seam and $11.63 per ton
from a 3-foot seam,

=-In the Interior province**, the coal from a 6-foot
seam could sell at $6.03 per ton and from a 3-foot
seam at $10.07 per ton,

--In the Northern Great Plains province***, the coal
could sell at $2.39 per ton from a 50-foot seam and
$6.58 per ton from a l0-foot seam.

All these prices assume a 15 percent rate of return after
taxes and are exclusive of transportation cost, which is an
important factor. 1In 1974 railroad freight charges averaged
$4.71 per ton, 21/ rising in 1975 to $5.25 per ton. 22/ Rail
transportation costs can vary from $.47 per ton to a high of
$10.00 per ton, Many factors account for these extremes such
as distance, type of train (unit train or mixed freight), and
ownership of cars (utility or railroad). 23/

Additional production capacity

In 1975 over 648 million tons of coal were produced, and
BOM estimates that existing operations could have produced
a peak of 692 million, or 44 million tons more than were
actually extracted. 24/ It is also estimated that between 10
and 60 million tons of additional coal could have been mined
by small operetors, those producing less than 200,000 tons
each per year. These mines are generally profitable orly
during periods of high coal prices. It is usually during
periods of peak coal demand that such mines operate. 25/

*Includes coal fields in Maryland, North Carolina, Chio,
Pennsylvania, Georgia, Virginia, eastern Kentucky, and
parts of Alabama and Tennessee,

**Includes coal fields in Illinois, Indiana, Iowa, Kansas,
Missouri, Michigan, Oklahoma, Nebraska, western Kentucky,
and parts cf Arkansas and Texas.

***Includes coal fields in MNorth Dakota, South Dakota, and
parts cf Montana and Wyoming.
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Opening of new mines

Cieat amounts of time and effort are required to perform
the various tasks from conception until actual commencement
of production. Because of the time required to open a new
mine, supply of coal is flexible in the long run and con-
strained in the short run, The short run capacity of the in-
dustry is limited to what could be extracted through increased
production (surge capacity) at existing mines. In other
words, coal is usually demand-constrained in the long run and
supply-constrained in the short run.

BOM has categorized the various tasks for opening new
mines into the following steps. 26/

--Initial examination--including all those steps neces-
sary to determine whether the coal should be mined.

--Mine assembly--including those steps necessary to
determine how and in what manner the coal should be
mined, the acquisition of the righ:s to mine the coal,
and determination of the annual production.

--Cost analysis--determining the cost elements and
performing an economic analysis on the profitability
of mining the coal.

--Market development--including those steps necessary
to secure a customer and negotiate the terms of the
contract,

--Environmental and related studies--performing all
the steps required to determine and report the
environmental and socioeconomic effects of mining
the coal.

--Preliminary design and equipment ordering--designing
the mine, showing how the coal will be extracted,
determining what equipment will be needed, and
ordering the equipment.

--National Environmental Policy Act (NEPA) process--the
steps taken by the Guvernment when assessing the en-
vironmental impact of the mining of Federel lands.

--Permits--securing necessary State permission for use

of water at the mine, for mining and reclamation
operations, and for other regulatory requirements.
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--pesign and construction--preparing the final design

of the mine,

facilities including access roads,

power supply.

and constructing tne mine and related
rail line, and

--Mining preparation--the final stage oefore opening

the mine,

involving installation of mining,

loading,

and support eguipment and personnel recruitment and

training.

The following table shows BOM‘s estimates of the time

required for each of the above cteps,
underground mines in the East and the West.

relating to surface and

The extent of

effort and the time required to complete ecach step are in-
fiuenced by the location of the mine, size of the intended
operation, ownership type and pattern, and environmental con-

siderations,

Since some steps can be performed simultaneously

with others, the total length of time may be less than in-

dicated here,

Table 5

Time Requirements for New Mine Openings

Surface ___Underground
East West _ East West
Min. Max. Min. Max, ¥, Max. Min. Max.
---------------------- {years)-~=--c---v-cccceooncna
Injitial examination .10 .20 .15 .50 .10 .20 .10 1.50
Mine assembly .15 .30 .25 1,50 .15 .30 .20 2.00
Cost analysis .00 .10 .10 .50 .00 .25 .10 .50
Market development .00 .15 .10 .50 .00 .15 .10 .50
Enviionmental and
related studies* .00 .10 .50 1.50 .00 .10 .25 1.50
Preliminary design and
equipment selection .50 .75 .50 1.50 .75 1.00 .50 1.00
NEPA process?* .00 .00 1.50 4.00 .00 .00 1.00 3.00
Permits* .25 .50 .50 2,00 .25 .50 .25 1.50
Design and construction .50 .75 <30 2.00 .75 1.25 .30 2.00
Mining preparation .00 .15 .10 .50 .50 1.25 .20 1.00
Total 1.50a/3.00 4.090 15,00 2.50 5.00 3.00 13.50

a/h few of the large mines in the East could exceed this figure.



The timespans for the West relate primarily to environ-
mental and other governmental considerations, which can
account for a considerable portion of the time reguired, as
shown in table 6.

Table 6

Time Needed for Environmental and
Governmental Actions (note a)

Minimum Maximum
Percentage Percentage
Years of total Years of total
Undergrouna 1.5 50 6.0 44
Surface 2.5 63 7.5 50

a/Steps designated with (*) in table 5.

Accordiuagly, environmental considerations and governmental
actions could be a major factor in the time required for
opening of a mine.

INDUSTRY REQUIREMENTS TO
MEET EXPANDED PRODUCTION

If the bituminous coal 1ndustry is to produce the ccal
supply levels projected by .the two scenerios, it will
have to open new mines, recruit And train miners, improve
health and safety conditions, purchase needed equipment, and
secure the needed capital to accomplish the above tasks to a
greater degree than ever experienced in the years prior to
1975. The following are the production level projections of
the scenarios for 1985 and 2000.

1975 1585 2000
(actual)
--------- (million tons)-===w==-
Edison Electric Institute 648 779 942
BOM 648 988 1,587

The above fiqures compare with the 1985 goals of President
Carter's National Energy Plan of 1.2 billion tons and 1 billion
tons with and without the plan respectively. Our analysis of
the various requirements shown above and the actions being
taken or scheduled for futuie implementation is described in
the following sections.




Industry expansion capability

A viable industry structure is needed if new mines are
to be opened and operated to meet the production requirements
projected by the scenarios. An indication of the industry
expansion potential is the extent to which it is actively
planning for the future and takinc some of the preliminary
steps necessary towards achieving those goals.

In performing our analysis, we reviewed coal production
~tatistics; held discussions with coal operators and their
associations, labor union representatives, and academic ex-
perts; and reviewed several repcrts based on questionnaires
senc to operators, which showed planned mine openings.

Bituminous coal production in 1900 was over 212 million
tons, all from underground mining. By 1910, it had almost
doubled to about 417 millio. tons, all from underground mines.
By 1920, it had increased to over 568 million tons, with about
8 million tons from surface mines and the balance from under-
ground mines. There have been constant fluctuations in
production since 1920, and in 1947 it reached a level of 632
million tons., From 1947 until 1961, there was a downward
trend but from 1961 to the present there has been a steady
upwa~ trend. In addition, surface mining has increased,
untj it now exceeds underground mining,

Table 7 shows come of the more important 20th century
production data, that is the high and low prcduction years
in each decade. 27/



Table 7

Important Coal Production Data

Percent of total

Key Persons - production
years Production. employed Surface Underground

(million tons)

1920 568.7 639,547 1.5 98.5
1926 573.4 593,647 3.0 97.0
1932 309.7 406,380 6.3 93.7
1937 445.5 491,864 7.1 92.7
1942 582.7 461,991 11.5 88.5
1947 630.6 419,182 22.1 77.9
1954 391.7 227,397 26.2 73.8
1956 500.9 228,163 27.0 73.0
1961 403.0 150,474 32.3 67.7
1969 560.5 174,532 3.1 61.9
1970 602.9 140,140 43.8 56.2
1974 603.4 166,701 54.0 46.0
1975 648.4 189,880 54.9 45.1
1376 (note a) 665.0 208,000 55.4 44.5

a/Estimated figures for 1976.

We projected the future production leveis by coal-pro-
ducing regions and type of mining--surface or underground,
Table 8 shows the anticipated coal production requirements
for each of the scenarios. 28/



Eastern
Underground
surface

Central
Underground
surface

Western

Underground
Surface

Total
United States

Table 8

Future Coal Production Scenarios

Underground
Surface

New mines
opening
(1975 to
1985)

New mines
opening
(1986 to
2000)

1974 __ 1985 _____2000
(actual) EI BOM EEI BOM
------------ (million tons)==s==-c-cccemaua-
377.7 337.6 428.0 407.9 687 .6
212.3 211.1 295.4 281.6 474.7
165.4 126.5 132.6 126.3 212.9
142.5 147.8 161.4 153.6 257.5
54.8 64.8 72.6 69.2 116.1
87.7 83.0 88.8 84.4 141.4
83.2 293.8 398.6 380.5 641.3
10.2 26.5 41.7 39.8 67.0
73.0 267.3 356.9 340.7 574.3
603.4 779.2 988.0 941.9 1,586.4
326.1 302.4 409.7 390.5 657.8
277.3 476.8 578.3 551.4 928.6
- 152 254 - -
- - - 286 571
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Opening of new mines

A survey conducted for the Federal Energy Administration
identified planned and projected mine openings by 1985. 1In-
formation was collected directly from coal producers--existing
and potential--for over 300 planned and possible coal mine
developrents, The survey took into consideration 1974 pro-
duction of 603 million tons, retirement of mines producing
an estimated 137 million tons, and planned and possible new
mine openings which could produce 546 million tons annually
(the possible openings amounting to 135 million tons). The
survey concluded that over 1 billion tons could be produced
in 1985. 29/

This potential capacity is in excess of the requirements
shown in the high scenario for 1985, and is in the same range
as the National Energy Plan. It should be noted that the
survey projected that the small mines--200,000 tons or less--
would continue to produce at a level of 140 to 160 million
tons annuvally. 30/

Our discussion with 11 major coal producers (including 9
of the top 15 producers in 1975) showed that all believed the
industry could double production by 1985 and triple production
by 2000, assumlng certain conditions. Since 648 million tons
were produced in 1975, a tripling of this productlon level
would be well beyond the 1.586 pillion tons requ1;ed under
the high projection for the year 2000.

GAO believes that there are serious obstacles which could
delay achievement of a level of 1 billion tons to beyond 1985.
These obstacles include such factors as long leadtimes to open
mines, environmental restrictions, capital problems, and labor
and productivity problems. On the other hand, a production
level of 1.5 billion tons by the year 2000 could be achievable,
At that point the constraining factors would be related
primarily to demand.

Personnel

The increascd automation of coal mining, the agreements
reached in the National Bituminous Coal Wage Agreement of 1974,
and the requirements of the Federal Coal Mine Health and Safety
Act of 1969 have all had great effects on the mining work
force. The once labor intensive coal industry has, over the
years, shifted towards heavy reliance on equipment and a
highly skilled work force well versed in equipment operation
and repair. This applies to both underground and surface
mining. 31/
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We estimate that to continue to increase annual production
to the various tonnages projected by BOM and EEI for 1985,
between 93,100 and 157,000 new employees would have to enter
the work force, with the average number of employees in 1985
being between 185,500 and 243,500. Similarly, to achieve the
tonnages projected for 2000, from 125,200 to 374,600 additional
employees will have to enter the wecrk force and the average
number of workers in 2000 will be from 232,000 to 390,600,

Our estimates of employee requirements, shown in table
9, are based on State productivity level statistics for 1974.
These productivity figures are used to compute the employee
requirements for the production levels forecast for 1985 and
2000. 32/

Table 9

Future Personnel Requirements

1974 1985 ____2000
(actual) EEI BOM EEI BOM
Eastern 134,296 131,000 176,100 167,900 282,900
Underground 101,773 103,900 147,700 140,800 237,300
Surface 32,523 27,100 28,400 27,100 45,600
Central 25,246 30,700 33,700 32,200 53,800
Underground 14,057 18,400 20,600 19,700 33,000
Surface 11,189 12,300 13,100 12,500 20,800
Western 7,159 23,800 33,600 32,000 53,900
Underground 3,586 11,100 16,500 15,700 26,500
Surface 3,573 12,700 17,100 16,300 27,400
Total U.S. 166,701 185,500 a/243,500 232,100 390,600
Underground 119,416 133,400 a/184,900 176,200 296,800
Surface 47,285 52,100 58,600 55,900 93,800
Entrants
(1976~1985) - 93,100 157,000 - -
(1986-2000) - - - 195,200 374,600

a/Differences due to rounding



The projections assume that productivity will remain
constant; that is, gains in productivity will b.: offset by
other fac.ors requiring additional personnel. In addition,
the number of new minerc include replacements necessary due
to retirements, deaths, and other reasons for leaving, 33/

To evaluate the capability of the coal industry tc meet
these goals and the potential implications, we examined the
following matters.

--Availzsbility of new miners for the coal industry,

--InGustry ab111ty to attract penple to spar vely
populated areas, such as in the West,

--Training requirements,
-—-Mine productivity,
--Effect of labor-management disagreements,

~~Current and future effect of mine health and
safety regulations,

Personnel availablity

Because of the type of work and the health and safety
hazards, the conjecture is that there might not be sufficient
applicants to satisfy underground mining requirements. 34/
Also, there is some concern whether both new and experienced
miners will move to those areas where new mines are being
opened.,

Underground miners--In recent years, risks and hardships
of the undergrounc miner's life have been partially offset
by pay scales higher than in any other major industrial occupa-
tion. 35/ 1In December 1975, the underground bituminous coal
miner earned an average wage of $7.70 hourly, against $6.42
for metal mining,; $6.89 for motor vehicles and eguipment,
$3.55 for textile mills, and an average of $5.00 for all
manufacturing. 36/ We assume that this favorable relatlonshlp
will be maintained and that coal price levels will continue
to permit the operator to recover labor costs.

The underground mine operators we interviewed did not
believe there would be a problem in sacuring new applicants.
These views were supported by various studies on coal's future
which conclude that, although the hazards are great, they
will be offset substantially by other factors, suchk as
improved safety conditions. unemployment trends, compensation
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differential, and fringe benefits. Accordingly, the studies
predict that there will be sufficient applicants for the
potential openings. The United Mine Workers of werica
(UMWA), in the 1974 agreement with the opezator., negotiated
for increases in underyround workers by the assignment of a
helper to crews. It has been estimated that 7,500 more
workers were ciassified as helpers in mid-1i975 compared with
1974. 37/ These helpers should eventually be able tn fill
higher skilled jobs.

In an effort to reduce the serious sickness and accident
record associated with the mining of coal, the Congress en-
acted the Federal Coal Mine Health and Safety Act in December
1969. As a result of the actions taken in accordance with
the act, the Secretary of the Interior, reported, in his 1974
Annual Report, that improvements have been made in the working
conditions of mines. Although mining is still a hazardous
occupation, progress has been made. Since 1970 the fatality
rate has been reduced by more than 50 percent and the non-
fatal injury rate by 35 percent.

Recent increases in mine employment further indicate
that there will be applicants. The average work force for
miners in 1974 of 165,700 (of which 119,400 were working
underground) increased in 1975 to 189,880 (of which
134,700 worked undergiound). 38/ This is an increase or 23,180
employees overall, including 15,300 underground employees,

a 13 percent increase over the 1974 underground work force.
Preliminary 1976 figures show an increase tc 208,000 miners.
39/ 1In addition, during 1976 there were over 450,900
unemployed individuals in the coal mining regions who could
provide a labor base for future expansion.

flexibility of work force--The UMWA pointed out that
while the increased demand for coal Las brought economic gains
to the miners, increased buying power has not solved a chronic
problem for coal miners--housing. 1In fact, expansion of
coal mining to meet the new demand is aggravating the prob-
lem. 40/ 7To the degree that housing and oth-ar requirements--
schools, hospitals, entertainment, and shopving--are a problem
in existing coalfields, they will be more severe in those
rural areas where new cval mines are being developed, such
as in the Northern Great Flains.

To retain experienced miners from closed mines and at-
tract new miners from the labor market, efforts will be
needed by industry, and local, State, and Federal governments
to provide the needed infrastructure. These matters are
discussed more fully in chapter 7.
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Mining engineers-~During 1973 and 1974 there were short-
ages of mining engineers, and it was necessary to hire engi-
neers from other countries., 41/ However, in 1976, BOM
reported that increased enroilment in the Nation's mining
and mineral universities is evidence of an "encouraging
reversal" of a downward trend. Total student enrollment in
mining-related programs is currently 3,638, an increase of
668, or 22 percent, over the 1974-75 academic year. In th2
mining engineering area, the enrollment is 2,325, an increase
of 544, or 31 percent, over last year.

Table 10 presents a comparison of student enrollment
and graduation for the 1974-75 and 1975-76 academic years, 42/

Table 10

Student Enrollment and Graduation Levels

Enrollment Degrees
1974=75 197576 1974=75 1975-76

Mining engineering 1,781 2,325 360 459
Metallurgical and mineral
processing engineering 1,052 1,176 258 325
Mineral economics 137 137 _43 _43
Total 2,970 3,638 661 827

——

|

According to an FEA-commissioned study in 1975, the number

of engineers in bituminous coal and lignite mining would have
to increase from 1,600 in 1974 to 3,000 in 1985. 43/ The
numbers of enrollees and graduates appear to be within the
range of satisfying these reguirements.

Officials at three schools of mining that we visited
did not believe that there would be any shortages of engineers
in the future. 1In addition, the Secretary of the Interior on
November 3, 1975, in reply to the Senate Committee on Interior
and Insular Affairs, stated thore is a strong interest in
mining research and education. He pointed out that the Energy
Research and Development Administration, the National Science
Foundation, and BOM all provided funding to universities
through grants and contracts to support various mineral and
energy research projects., Private industry is also supporting
mining education and training by providing endowments to col-
leges for purposes of scholarships and student loan funds,
as well as faculty positions, He concluded that the growing
need for mining expertise could be met through increasing
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salaries and dissemination of information on the desirability
of mining engineering careers. 44/

Miners--Figures in the revised UMwA pension plan, which
went into effect in 1976, suggest that of a total of 131,375
active member miners as of October 17, 1974, 18,172 or
about 14 percent, would be eligible for retirement. In some
mines, it is possible that one-third of the work force would
be eligible for retirement., 45/ 1In addition to the replace-
ment of r2tired miners, the projected increase in coal pro-
duction wiil require the recruitment of many new miners,

The trend in employment has been towards replacenent
of older miners with younger individuals which should result
in a work force predominantly between 18 to 35 years ot age.
Table 11 shows an age comparison of active mine workers covered
by the UMWA Health and Welfare Fund. The UMWA includes a
major portion of the coal industry werk force, over 80 per-
cent, 46/

Table 11

Age Distribution of Active Miners in UMWA

(As of December 31)

1973 1974 1975
$ of $ of $ of
Age group Number total Number total Number total
18-24 18,533 15.3 23,596 17.5 30,011 19.0
25-34 32,560 26.8 39,214 29.1 49,933 31.6
Subtotal 51,093 42,1 82,810 46.6 79,943 50.6
35-44 23,131 19.1 24,371 18.4 29,151 18.5
45-54 28,748 23.7 29,548 21.9 29,981 19.0
55-64 17,514 14.4 16,874 12,5 17,900 11.3
65 & over 862 .7 852 .6 974 .6

Total 121,348 100.0 134,955 100,0 157,950 100.0

The current shift from older to younger miners might cause
a shortage of foremen and other middle management personnel.
This problem could be temporary because the continued influx
of miners should provide the base for new managers., There is
some question as to whether there is a shortage of possible
candidates for the positions, or simply a problem in training
available candidates, 47/

The complexity of the work in coal mines as well as the
health and safety precautionary measures to be taken regquire
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that each emplovee be technically qualified to perfogm‘eacp
task. Because of the specialized nature of the qualificatione,
actions must be taken to assure that the required personnel are

properly trained. 48/

The leaders of both industry and labor agree that train-
ing of the work force--both workers and supervisors--is
necessary, and provisions for training are included in the
1974 union agreement. 49/ 1In addition to company and on-the-
job training, the industry has cooperated with engineering
colleges in developing mining-related programs. 50/

An August 27, 1975, FEA report, “Determination of Labor
Management Requirements in the Bituminous Coal Industry to
Meet the Goals of Project Independence," summarized training
as follows. 51/

“Our review of training activities in the coal
industry indicates that (1) the National
Bituminous Coal Wage Agreement of 1974 has a
number of provisions affecti.g training acti-
vities directly and indirectly; (2) a large
proportion of mine training is accomplished
on-the-job by foremen or fellow workers; (3) a
significant number of pre-employment training
programs for coal miners are developing or are
underway; (4) the construction industry,
especially the Coal Construction Industry, and
coal mining equipment manufacturer (sic) are
providing much of the skilled maintenance man-
power, and therefore the training, for surface
mining; (5) training of foremen is primarily
on-the-job and foremen are usually selected
from the ranks of workers; and (6) public
education facilities contribute greatly to
coal miner training, especially in the training
of maintenance personnel and professional
personnel ."

Management/union training agreement--The National
Bituminous Coal Wage Agreemen% o% 1977 has the following

provisions that directly affect training. 52/

--The establishment of a joint industry training
committee which consists of three representatives
appointed by the union and three by the industry.
The committee is charged with fostering and
promcting the advancement of effective training
in the industry.
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--The requirement of 4-day orientatinn programs empha-
sizing health and safety for new inexperienced
employees. State and Federal pre-employment pro-
grams are recognized, to the degree that they cover
the program required by the contract. In most cases,
the 4 days of orientation are a part of the company
training program.

--The requirement for retraining programs emphasizing
health and safety, which would require 8 hours for
each employee in each calendar year.

--The requirement that no new inexperienced employee
shall, for 90 days, operate any mining machines at
the face or shall operate any transportation, mobile,
or high voltage electrical equipment.

The agreement also provides for a 120-day period of
on-the-job training for a helper-trainee continuous mining
machine operator or roof bolter to become fully qualified
for the position. Further, the employer has to provide
training for maintenance jobs. The time set for training
in maintenance positions in underground mines is 6 months for
a trainee to progress to the minimum level of competence
and an additicnal 21 months to progress to the highest rated
maintenance job.

The agreement provides that in addition to orientation,
miners will hav~ on-the-job trainir . and training of various
kinds on a periodic basis.

Institutional training--In most areas of coal production,
especially in underground mining areas, there are courses in
coal mining or mine-related subjects available through local
educational institutions such as vocational schools, secondary
schools, community colleges, and, in a few cases, universi-
ties. 53/ A recent BOM tabulation showed the following number
of institutions offering courses in mining and related
subjects. 54/

Number of

institaotions
Junior colleges and technical schools 40
Vocational schools 30
Universities 22

The students in junior colleges and technical schools
receive associate degrees in engineering and training in
mining technology. The vocational schools are teaching
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reclamation, mechanics, and other mining skills at both the
high school and post-high school 1level,

These programs should provide the trained personnel
to satisfy projected coal production needs. In relation
to training of maintenance personnel, it is believed the
most effective means for training is in cooperation with
educational facilities combined with on-the-job training. 55/

Training of surface mining employees--There is not much
emphasis 1in training for surface mining operations, since
most of these employees are hired from the equipment manu-
facturing companies, equipment erection companies, or the
construction industry. Training programs are primarily of
the on-the~job variety. However, there is some classroom
training for =pecial skills. For example, electricians are
given 90 hours of classroom and on-the-job training con-
cerning the equipment, 56/

Health and safety training--MESA is required to promote
health and safety education and training. In this connection,
MESA conducts couvrses for industry instructors, who in turn
instruct mining personnel. 57/ The extent of such training
will be discussed later in the section on miner health and
safety.

Miner productivity

In order to keep mining costs to a minimum and thereby
assure that coal will increase or at least maintain its
competitive status with other fuels, there is a need to
improve the current rate of productivity, that is, tons pro-
duced per worker-day. In the past several years, the U.S.
coal mining industry has experienced declining productivity.

Before 1975, the highest annual coal production was in
1947, when 630 million tons were produced with 419,182 workers
producing 6.42 tons per worker-day. The year with lowest
production after that date was 1954 when 392 million tons
were produced and 227,397 personnel employed, producing 9.47
tons per worker-day. Productivity reached its peak in 1969
when an average 19,90 tons per worker-day were produced for
all types of mining; 15.61 tons per worker-day was the under-
ground rate. It has since declined each year; in 1975 the
rate was 14,74 tons per worker-day overall and 9.54 tons per
worker-day for underground operations, 58/



zear

1940
1950
1955
1961
1969
1970
1974
1975
1976

Table-12

Mining Productivity Per Worker-Day

Underground Strip Auger Average
------------------- (tong ) —=—==ccm e
4.86 15.63 5.19
5.75 15.66 6.77
8.28 21.12 22.22 9.84
11.41 25.00 3C.61 13.87
15.61 35.71 39.88 19.90
13.76 35.96 34.2¢ 18.84
11.31 33.16 N/A 17.58
9.54 26.69 N/A 14,74
(note a) 8.50 26.00 N/A 13.50

a/1976 figures are estimated.

Pinpointing the causes of declining productivity is

difficult because they are so varied, hard to measure, and
the subject of disagreement. 59/ A BOM official who had
queried industry officials as” to the causes for the decline
stated that there was no single cause but a combination of
causes including: 60/

--Increased requirements related to health and safety.

~-Introduction of many new miners and opening of n~w
mines.

--Increased reclamation work.

--Increased exploration work.

-~Physical conditions, such as increased depth of
overburden, increased distance of working areas from
the mine entrance especially in older mines, poor
roof conditions, and other comparable factors.

--Increase in underground work force required by
UMWA agreement.

-~Disruptions in production caused by wildcat strikes.
and absenteeism.

Improvements in mining technology and increased employee

motivation are considered the ways by which this downward
trend can be reversed. 61/ BOM is directly concerned with
improvements in technology. The Director, BOM, at the Third
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Conference on Mine Productivity in April 1976, stated that

the scientists and engineers in BOM believed that the three
underground coal mining systems currently in use in this coun-
try have theoretical excavaiion capacities (tons/shift) that
are not beirg used as shown in the following chart. 62/

CHART 1
RELATIVE EXCAVATION CAPACITY
BY COAL MINING SYSTEM

EXCAVATION CAPACITY (TONS/SHIFT)
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The Director also pointed out that although the theoreti-
cal limits may never be reached, it is possible to achieve
considerable gains, He concluded thut a substantial research
and development program is essential if such improvements
are to be realized.

Although the Director's address highlighted underground
mining, BOM is also concerned with improving surface mining
productivity. Considerable research and development efforis
are being conducted on bot}. underground and surface mining
equipment and technology. 63/ (See page 4.52 for further
details on existing ané future projects to improve produc-
ti‘ity.) )

At the productivity confecence, an industry representa-
tive said that there is a ne-d to convince the miners that
only a profitable company witi. tavorable long-term prospects
can cousider long-term investments which will provide perma-
nent, well-paying jobs. 1In addition, there is a need for
the industry to assure that the griv. .. -. procedure is fair,
effactive, and Jrompt so that the -1 -~ confrontation and
distrust is reducead. 63/

UMWA contends that unreachable productivity levels should
not be set. It suggests that the companies hire and train
substitutes to replace persons who are absen’ because of sick-
ness or accidents, to avoid shutting down «.: just "making
do." They concluded that, "Firms that try tv be progressive
in their policies, are fairiy iiberal, and operate safe mines,
will have the best motivation among their emplovees," 65/

In conclusion, as noted by the BOM Director, if produc-
tivity levels were raised to the 1969 levels, coal production
would be jucreased by 100 million tons annually without open-
ing a single new mine. 73/

-

Management/un;og'relations

The = _tent of iaterrupted production resulting from
labor disagreerants has been a matter of concern to the coal
operators., During 1975 the coal industry lost approximately
1.6 million days due to unzuthorized work stoppages,

UMWA represencs about 80 percent of the produv~ 1on work~
ers employed in the coal industry. Other coal-re. iced unions
are the Southern Labor Union, the Projressive Mine Workers,
&nd, in the western coai lards, the International Union of
Operating Engineers., 67/ :
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Statistics maintained by the U.S. Department of Labor on
strikes in the coal industry show an increased number of work
stoppages in the past few years, Although the number of work
stoppages has increased, the percentage of total working
time lost is not substantial, exc2pt in years when a national
agreement is renegotiated. For example, in 1973 less than 2
percent of total industry working time was lost in work stop-
pages. In 1974, however, 8 percent of the working time was
lost. Table 13 shows the work stoppages and time lost dur ing
the last 10 years. 68/
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Contract agreements--Over the years, union and management
have negotiated 1ncreases to wages, better working conditions,
procedures for handling grievances, and various fringe benefits,
The agreement reached in 1974 includes the following. 69/

--Increases in wages and vacations, and adjustments to
pay scales.

--Addition of helpers to certain work crews.

-—-Increases to pension fund payments by employers and
greater benefits to retirees,

--Establishment of sick leave and sickness and accident
benefits,

--Substantial revisions to job training requirements,
including adoption of a requirement that new employees
must spend their first 90 days in "nonhazardous" jobs.

--Granting union safety committees the right to inspect
all work areas and the right for miners to withdraw
from any area they consider unsafe.

It should be noted that the union failed to obtain the right
to strike over local grievances, including safety matters, 10/

Current agreements of the UMWA and the Bituminous Coal
Operators Association, Western Surface Miners, and National
Coal Mine Construction Contractors expire December 6, 1977.
The upcoming negotiations were the subject of the union's
convention held from September 23 through October 2, 1976. 71/

The following are some of the demands agreed to at the
1976 UMWA convention in negotiating the 1977 agreement. 72/

--The "right to strike" provision had the greatest
support. Local unions would have the option of solving
a legitimate complaint through filing of a grievance
or calling a strike. Therefore, the companies could
be prevented from obtaining injunctions in these
instances,

--The establishment of more efficient grievence proce-
dures.
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--All mines will have a full-time union safety committee-
person properly trained who "shall have the power to
shut down a jobsite, mine, or mine facility for health
and safety reasons.,"

--Various safety demands, including the mandatory
establishment cf professionally trained mine rescue
teams at all mines and a provision that no employee
work alone.

—--New health and retirement benefits and the provision
of additional social services to western miners.

The election of national officers scheduled for November
1977 was moved up to June 1977 so there wculd be more time
available for the president-elect and other incoming
officers tuo prepare for the negotiations.73/

Role of the Government in coal industry dispute
settlement--For purposes of determining whether striking
miners can be discharged or otherwise disciplined, the
National Labor Relations Board must determine whether the
strike is a protected or unprotected activity. The operator
cannot take adverse action when the circumstances show
that the strike is a protected activity. There are four
well-defined categories of protected strikes. 74/

--Strikes involving unfair labor practices,
--Strikes at the expiration of an agreement.
--Strikes over abnormally dangerous working conditions,

--Strikes over matters the contract leaves expressly
to local settlement,

Unprotected strikes are those with an illegal purpose
such as imposing a secondary boycott; those accompanied by
illegal conduct, such as violence and intimidations at the
picket line; also unprotected are strikes occurring during
the life of a contract which contains a no-strike clause.

Section 301 of the National Labor Relations Act, pro-
vides that labor organizations that breach a labor-management
agreement are subject to lawsuits for damages, Using this
provision, the National Labor Relations Board has ruled that
since the national coal agreement has a mandatory grievance
procedure, it is equivalent to a no-strike clause. Striking
in the face of such a mandatory procedure is a breach of con-
tract and the Board considers the strike to be unprote-ted.
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Although the Board has reached this conclusion, the courts
have been anything but consistent in deciding whether the
miners' contract has an implied no-strike clause. 75/

The companies take the view that only a small percentage
of the strike situations in the organized sector of the coal
industry are protected strikes and have filed over $400 million
in lawsuits against the union for allegedly illegal strikes.

The companies' primary concern is getting the miners back
to work. Accordingly, they apply for cease and desist orders
from the Board. However, if a strike is not proved to be a
refusal to bargain, the Board canncot find it to be an unfair
labor practice and cannot issue a cease and desist order. On
the other hand, the courts have eased the way for companies
to win court injunctions for violations of section 301. 76/

The Board will decline to settle charges of unfair
labor practices where there is an arbitration procedure
established by a labor-management agreement, 17/ Such an
agreement is in existence in the coal industry and was
established by the 1974 agreement, A tripartite (independent
arbitrator-industry-union) Arbitration Review Board is the
final step in the grievance procedure. It was instituted
to resolve conflicting decisions by different panel arbitra-
tors and to insure uniform interpretations of tke contract.
The main complaint by the union against the Arbitration
Review Board is that it has acted too slowly. 18/

The rule followed by the Labor Relations Board is that
it will not review a charge where "the proceedings have been
fair and regular, all parties had agreed to be bound, and the
decision of the arbitration panel is not clearly repugnant to
the purpouse and policies of the Act". [Spielburg Manufacturing
Company, 112 NLRB 1080, 36 LRRM (152 (1955)] 79/

In GAO's evaluation of the National Energy Flan, we
recognized the seriousness of the impacts that management/
labor disputes could have on a large, stable supply of coal
and recommended that Congress expand the plan for coal to deal
with the need for improved labor relations to prevent disrup-
tions due to wildcat strikes,

Miner health and safety

In an effort to reduce deaths, disabling injuries, and
disease incurred in coal mining, the Congress, in December
1969, enacted the Federal Coal Mine Health and Safety Act
(30 U.s.C. 801).
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The act prescribed interim mandatory health and safety
standardas applicable to all underground coal mines until
the Secretary of the Intericr promulgated standards. Health
standards and safety standards for underground mines were
published in the Code (f Federal Regulations (30 C.F.R. Parts
70 and 75) and became effective in June 1970 and November
1970, respectively. Health and safety standards for surface
mines were published in 30 C.F.R. Parts 71 and 77 in March
1972 und May 1971, respectively.

The act and the regulations prescribe health standards
for controlling respirable coal dust which is the cause of
pneumoconiosis, known as black lung. Health standards are
also prescribed for dust resulting from drilling in rock,
for respirable dust when quartz is F-esent, and tor rnoise.
Miners are offered the opportunity to have periodic chest
X-rays for the detection of black lung.

The major safety provisions of the act and the regula-
tions relate to roof control, ventilation, and electrical
systems and equipment. Safety requirements are established
also for (1) combustible materials and rock dusting, (2)
blasting ang explosives, (3) equipment for transporting
miners, (4) emergency shelters, (5) communications, and (6)
fire protection.

Mine operators must adopt a suitable roof control plan,
approved by MESA, for each underground mine. The regulations
give the criteria to be followed by district office managers
in approving the Plans. Roof falls are one of the principal
causes of fatalities in underground coal mining and approved
roof control plans must be reviewed by MESA every 6 months,
For calendar years 1974 and 1975, mine operators reported to
MESA that fatalities from this cause numbered 49 and 47,
respectively, or about 50 pecrcent of all underground fatali-
ties. 80/

To minimize the danger of explosions and electrocutions,
the electrical systewm and eqguipm~rt must meet specifications
estoblished by the Secretary of the Interior. These specifi-
cations are to be applied uniformly to all mines. The act
also prescribes a program of coal mine inspections by MESA
which is to consist of complete safety and health inspections
of each underground mine at least four times a year and
special spot inspections once every 5 working days of all
mines having certain hazardous conditions, MESA has adminis-
tratively determined that special spot inspections should
also be made every 10 working days of certain other hazardous
mines. In addition, the act requires that representatives
of the mine operators make certain health and safety examina-
tions.

4.33



The act also provides for expanded and upg:aded heal.h
and safety education and training activities and technical
assistance to mine operators. It further provides for a
program of research and technical support aimed at making
coal mining a healthier and safer occupation., Seven rears
have elapsed since the passage of the act and some progress
has been made in health and safety, but many problems
remain.

The respirable dust standard of 2.0 milligrams per
cubic meter of air became effective on December 30, 1972,
It was established to prevent new miners from contracting
black lung and to prevent further progression of the dis-
ease in miners who had already gotten it. 81/

MESA was established in 1973 to carry out the provisions
of the act. Before 1973 these responsibilities were carried
out by BOM. 82/ Among its functions is conducting inspec-
tions related to compliance with the dust standards. Dust
samples taken by operators and by MESA in the 4,414 mine
sections that were active for some portions of 1975 cshowed
that 1,374 (31 percent) exceeded the standard at least
once during 1975 and 3,040 (69 percent) were in compliance
with the standard every time they were sampled.

Although reaching this level of compliance with the
dust standards is an improvement over previous dust levels,
full compliance with dust standards is considered essential.
There are compelling human and economic reasons for elimin-
ating pneumoconiosis., The human pain and suffering is ob-
vious., In addition, monthly benefit payments for those who
have black lung were over $73 million in June 1975 and total
benefits paid through June 1975 were over $3.6 iL..lion. 83/

Table 14 shews the fatality statistics since 1269. The
number and frequency of fatal injuries in bituminous coal
mining dropped steadily from 255 dAeaths in 1970 to 131 in
1973. The number of deaths was 137 in 1974 Lut increased
to 152 in 1975. The frequency rate, deaths per million
worker-hours, remained unchanged because of increased employ-
ment in 1975, During the ll-month period ended November
1976 there were 125 deaths which included the 25 men killed
in the Scotia disaster. 84/
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A comparison of fatality rates per million worker-hours
for the various segments of mining, takle 15, showed that
although underground operations were the highest, surface
fatality rates could not be considered low. 85/

Table 15

Fata’'ity Rate in Bituminons Coal Industry
per Million Worker-hours

Uncerground mines Surface mines Preparation Overall

underground Other Strip  Other plant rate
1959 .98 .72 a/.64 .50 .85
1970 1.26 .75 a/.59 .31 1.02
1971 .91 .45 a/.43 .25 .73
1972 .64 .23 a/.33 .43 «53
1973 .51 .36 as/.30 .42 .45
1974 .44 .28 .40 .57 .43 .42
1975 .39 .33 .49 .81 .36 .41
1976 .41 .13 .27 .00 .18 .35

{note b)

a/Strip and auger combined.
b/Data svailable for 11 months orly,

In torms of fatalities per million tons, underground
rates would be higher because of the lower productivity
per worker-hour of underground mining.

An accident prevention program was initiated by MESA
in 1973 to decrease the number of non-fatal injuries in
coal mines by devising safer mining methods. 1Initially the
program was directed to underground mines employing 200
miners or more which had a disabling frequency rate higher
than the national averacde., This was expanded in 1975 to
include mines employing 150 or more miners. 86/ Inspectors
were assigned to these mines on a daily basis to review opera-
tions and coordinate with management and employees. MESA
made 3,331 such inspections in 1974 and contends tbat the
lower injury rate in 1974 is in part attributable tc this
program. 87/

The trend of disabling accident rates is shown in table

16. American National Standards Institute, Inc.,, defines
disabling injury as a work injury which results in death,

4.36



permanent total disabiiity, permanent partial disability
or temporary total disability which results in the loss
of at least one complete work shift. 88/

Table 16

Disabling Injuries in
Bituminous Coal Industry (note a)

Rate per million

Number of accidents work=hours
1969 (note b) 10,120 42.61
1970 (note b) 11,812 45.40
1971 11,539 47.13
1972 12,165 46.55
1973 11,011 40.54
1974 8,429 28.90
1975 11,009 30.31
1976 (note c) 13,800 36.16

a/Includes fatalities.
B/Includes anthracite mine statistics.
¢/Preliminary.

The rate of occurrence of disabling injuries has de-
creased by almost 25 percent since 1973. However, the
absolute number of such injuries is still high.

Assuming that the fatality and disability injury rate
does not improve greatly from the 1975 rate, we estimate
that as many as 3,400 miners might be killed and 253,000
disabled in accidents under the EEI levels of production
for the 25-year period ending 2000. For the BOM scenario,
as many as 4,700 miners might be killed and 351,000 may be
disabled.

Reducing the number of accidents and the resulting
fatalities and disabling injuries is an important concern
to all parties in coal production. MESA has been expanding
inspections to assure compliance with the Federal Coal
Mine Health and Safety Act and to detect areas which re-
quire corrective action. It believes that miners deserve
and need more intensive training and has drafted regulations
for mandatory training of miners. It is also considering
establishing qualifications, certification, and licensing of
certain mining and supervisory jobs. Efforts have been
exerted in research and development for new equipment as
well as improvements to existing equipment. The number of
miner's lives that have been saved from roof falls by cabs
and canopies installed on underground equipment has been
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great, and 36 lives were reported saved in 1975 by these
safety accessories. 89/

The coal industry is cooperating with MESA and considers
sarfety and safety tralnlng very important. 90/ The industry
is also coopnratlng in health and safety reSearch and develop-
ment projects. UMWA is. vitally concerned with health and
safety and many safety items are included in their demands
for negotiating with the industry. UMWA contends that MESA
training requirements should be expanded beyond what has
been proposed. 91/

Eguigment

As already noted the coal mining industry has become
increasingly automated. This is especially true in surface
mining where huge equipment is used to move large amounts of
earth and rock (overburden) to get the coal. 92/

Equipment shortages during the 1974 surge in coal output
raised questions as to the availability of egquipment to meet
future production needs. 93/ The questions to be resolved
are how much new eguipment will be needed to achieve the pro-
duction goals established for the years 1985 and 2000 and
will such equipment be available in time.

Reguirements

Predictions of the type and quantity of equipment that
will be needed to support given production levels are depend-
ent upon several factors. Maximizing safety while minimizing
costs are the key objectives in proper equipment selections,
The equipment selected will depend upon: 94/

--Required rate of production to meet customers' needs.

~~Depth and volume of overburden to be moved in surface
mining, and the location and depth of the coal seam
in underground mining.

~-Characteristics of the overburden as they relate to
removal problems in surface mines and roof support
reguirements in underground mines.

--Overburden segregation requirements required for pcoper
reclamation in surface mining.

--Distance, route, and elevation from the bank to spoil
pile or discard area for surface mines.



-=Coal characteristics,
the seam and the extent of partings or intermittent
layers of foreign matter,

--Coal haul distances and elevation changes,

such as quality and thickness of

The quantities of new equipment to be procured depend on the
number of mines to be opened and the equipment in existing

mines to be replaced by 1985 and the year 2000.

Using BOM projections of equipment needs to achieve 1.2
billion *9ns of coal production by 1985 as a baseline, 95/
we have estimated replacement and new installation require-

ments for 10 selected equipment items.

These estimates are

for the producticn levels cited in the EEI and BOM scenarios
for 1975 to 1985 and 1986 to 2000.

estimates.

Estimated New Equipment Requirements

Table 17 summarizes these

Table 17

Annual production
(millions of tons)

Underground items

Continuous miners
Longwall equipment
Cutting machines
Mobile loaders
Shuttle cars
Conveyors
Locomotives

Mine cars

Surface items

Draglines (large)

1974

In use

603

1,976
50
1,600
1,800
6,500
3,985
3,095
43,330

a/100

Coal loading shovels a/600

a/Estimates.

3,

5,
6,

7,

4.39

1976 to 1985

EET BOM
779 988
300 4,500

30 60
800 800
800 800
500 6,800
550 8,500
550 550
700 7,700
180 250
550 700

1986 to 2000

EEI

942

3,450
110
600
650

5,400

5,900
650

9,250

150
900

BOM

1,586

6,550
180
800
850

9,100

11,000
880
12,300

310
1,270



Availability

Timing of procurement is important since the most modern
coal mining equipment is not mass produced. Common and
standard mining equipment is delivered within a minimum
amount of time, but larger, more sophisticated equipment will
take longer. BOM indicated that some equipment can take from
6 months to 4 years to manufacture depending upon its com-
plexity. Equipment delivery time further depends on the
availability of raw materials and the manufacturer's productive
capacity. 96/

puring the 1974 surge in output, increased demands were
plzced on equipment manufacturers to furnish needed equipment.
At the time, the equipment manufacturers were not prepared
for the sudden flood of orders, which caused backlogs and
extension of delivery times. Manufacturers of both surface
mining and underground mining equipment had difficulty
obtaining raw materials, particularly steel, to meet demands.
The problem was most acute for the large draglines used for
surface mining, where production time increased from 2 to
5 years. 97/ Recent studies performed by BOM and by a consul-
ting firm for FEA have indicated that equipment availability
would present no great problems, with the possible exception
of the large draglines. 98/

We discussed this matter with coal producers and dragline
manufacturers who told us that the extensive backlog sicuation
has been overcome. Many of the orders received during the
1974 surge have been deferred by the coal producers. Equipment
manufacturers' capacity is being expanded to meet expected
coal demands, and production time has been reduced from
5 to 2-1/2 years. Consequently, if there is adeguate planning
by the coal mining industry in its ordering of eguipment,
the manufacturers should be able to produce and deliver
the items. Dragline production continues to be a guestion,
however,

BOM has observed that, although productive capacity
of existing dragline producers has expanded, there might
be short periods when backlogs in dragline deliveries might
occur. One of the dragline manufacturers disputed this point,
indicating that there would not be any shortage.

Backlogs could delay the opening of a surface mine and
the commencement of coal production. However, there is other
earthmoving egquipment available which could be used as a
stopgap measure, although it would oe more costlv.



Financial

Capital investment needed to expand futu:e coal production
will be substantial compared with current rates of investment
in the industry. Based on recent BOM estimat~s of capital
costs per annual ton of new production capacity, we estimate
that capital reguirements to achieve the scenario levels
of coal production through expansion of old minec and opening
of new mines may range as follows: 99/

Table 18

Cumulative Capital Requiremen.s

1975 to 20000

EEI scenario BOM scenario
(billionsg)
1975 to 1985 $ 9.9 $15.7
1986 to 2000 17.7 29.8
Total $26.7 $45.5

Other recent estimates of coal industry capital needs
to achieve a production capacity of about 1 billion tons
annually by 1985 follow:

Estimating Capital
organization Level of output requirement (note a)
(billions of tons) (billions)
MITRE Corporation 1.1 $ 9.8
Banker's Trust of New York 1.1 12.5
BOM 1.9 14 4%
Continental Ill. nois Bank
of Chicago 1.0 20.0
National Coal Association 1.2 18.2 to 22.1
FEA 1.04 17.7

a/All reguirements are in 1975 constant dollars.

Total ccal industry capital expenditures frem 1965 to
1974 was $6.5 billion, or an average of $650 million per
year; this indicates the need for an unprece 'ented
rate of ccpital investment under both the BOM and EEI
scenarios. 160/ Financial experts expect at least half
of the industry's capital must be provided from external
sources. 101/
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As an illustration of the current cost of opening new
mines, BOM hatc recently made the following estimates for
mines with a capacity of 1 million tons per year. The costs
are shown in table 19. 102/

Table 19

Capital Cost Per Annual Ton
of New Productive Capacity

Underground mines Surface mines

Initial investment $31 $18
Deferred needs--over

operating life of mine 10 3

Total $41 $21

The BOM estimates mean that $41 mi/ lion would be needed
to cpen and operate a 1 million ton per year underground
mine. A surface mine of similar capacity would require $21
million. These estimates reveal a sharply rising trend in
capital requirements. Similar BOM estimates prepared in
1974 showed capital needs of from $15.20 to $31.37 and
from $16.65 to $22.53 per annual ton of production, respec-
tively, to open new underground and surface mines. 103/
Increased capital costs are attributable primarily to
inflation in the cost of coal mining equipment, which has
increased two t ree times as much as that of the rest
of the economy. =~ [/

Sufficiency of capital investment

The capital requirements of the coal mining industry,
while large in comparison to past needs, constitute only
a small portion of t = total future capital need: of all
energy industries, ‘mated by FEA at $580 billion, to
provide for the er. g4y requircments in 1985, i05/

Future coal projects, such as new mine openings, will

have to compete in the capital market for investment funds
with other energy and nonenergy related projects. 106/
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Fossible impact of horizontal divestituze
on coal industry capital acquisition

During early expansion years and through the industry
stagnation in the 1960s, the coal industry traditionally
financed new ventures from internal funds. More recently,
the entry of major oil and other companies, such as railroads,
into coal mining activities has made new sources of capital
available. For example, oil companies, now control about
18 percent of U.S. coal reserves. Raiiroads control about

9 percent., 107/ These companies have provided the coal
industry with sources of funds not previously available,

Financial experts told us that if Federal legiclation
regquiring horizontal divestiture of coal interests by oil
companies is adopted, the coal industry will lose an important
source of capital. 108/ Horizontal divestiture is the subject
of another review being conducted by GAO and the issue ang
its various implications will be addressed in a separate
report.

The Federal loan guarantee proqram for
new underground, ?ow-suIEur coal mines

To encourage the development of new underground, low-
sultur ccal mines, Title I, Section 102 of the Energy Policy
and Conservation Act ot 157§ (2.L, 94-163), provides for loan
guarantees (not to exceed $30 million each) totaiing up to
$750 million. To date, no guarantees have been granted under
these provisions, nor have implementing regulations been
promulgated by FEA. FEA and banking officials observed that,
if implementing requlations closely follow the provisions of
the act with respect to the requirements for guarantees,
relatively few guarantees would be granted, because eligibil-
ity criteria are no more lenient than the usual credit require-
ments of commercial banks. Those marginal projects that cannot
be financed through commercial lending institutions--which
the program is pPresumably intended to encourage--probably
would not qualify for lcan guarantees, 109/ 1In view of this
history, we believe the Congress should consider the need to
amend this section,

Tax considerations

Taxes can change economic decisions, especially where
profit margins are small. Coal is pProduced generally Ly
incorporated firms subject, for the most part, to the same
Federal tax rate and provisions as other incorporated domestic
concerns,
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The investment tax credit

Coal firms, as well as other domestic firms, are permitted
a tax credit equal to 10 percent of up to 100 percent of the
purcnase price of 7jualifying machinery and equipment. 110/
The purpose of this provision is to stimulate the acquicition
of selected equipment which, in turn, wil) affect economic
growth and employment. The amount of this credit, referred
to as tne investment tax credit, is subtracted from the
firm's Federal tax liability. At the ccrporate tax rate
of 48 percent the credit is worth almost twice the value
of a usual business deduction because the corporate income
tax rate decreases the after~tax value c¢f the deduction
to about half but the credit is already valued in after-tax
terms. Hence, in after-tax terms, a $10,0C deduction is
worth only abou® $5.00 but a credit of $10.00 retains its
worth of $10.00.

The credit is, however, subject to a limitation; it
generally cannot exceed 50 percent of tax liability after
the first $25,000 of tax liability (for which the sole limita-
tion is that the credit cannot exceed tax liability). If
a firm cannot use this credit in the year incurred, the
firm can apply that credit against the Federal taxes of
the previous 3 years and the ensuing 7 years, 111/

The limitation provision, therefore, tends to bias the
effect of the credit sc¢ that it works efficiently only in
more profitable firms. For purposes of this discussion,
profit is considered to be similar to taxable income. An
industry with high capitalization requirements (high
investment requirements) and a small profit, such as has
characterized the coal industry in the past, would not benefit
as greatly as a similar industry with higher profits. Internal
Revenue Service statistics show that the coal industry has
generally qualified for more of these credits than it could
use, thereby forcing firms to carry over such benefits to
subsequent years. 112/

The depletion allowance

Industries are permitted a deduction for the depletion
and exhaustion of natural resources, such as minerals or
timber, in which they have an economic interest, 113/ This
is similar in principle to the depreciation of eguipment, in
that it is the recovery c¢f cost at the rate the mineral is
produced. 114/ This ratable cost recovery is known as cost
depletion. 115/
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Coal producers are accorded an option to cost depletion;
a percentage depletion deduction of 10 percent of gross
income from mining, not to exceed 50 percent of the taxable
income from each mine, calculated without regard to the
depletion allowance, 116/ While this is not as high as
the 22 percent prev1oﬁ§Ty allowed crude oil and natural
gas producers, and still accorded sulfur, uranium, and many
other domestic minerals, 117/ it is, in most instunces greater
than depletion based on cost. Percentage depletion ignores
and can exceed the cost of property. The deduction for per-
centage depletion may be claimed so long as the property
is producing. The deduction for cost depietion, however,
is permitted only until the original cost of the property
is recrvered. 118/

The net income limitation for the coal depletion deduc-
tion allowance has the same effect that the limitation poses
for the Investment Tax Credit. Marginal mines are precluded
from real1zlng the full tax benefits that more prof1tab1e
mines enjoy. In general terms, this means that it is pos-
sible to have a larger depletion deduction than the limita-
tion allows. This can occur when profit (taxable income) is
low relative to gross receipts. In other words, when it costs
more money to operate a coal mine (relative to other busines-
ses), the depletion limitation can impose an additional
financial disincentive by postponing tax benefits to future
years. In extremne cases, a firm can lose tax benefits
entirely when the limitation period expires,

Depreciation-allowance

Under the Internal Revenue Code, a firm may depreciate
all of its depreciable mining assets over an 8- to l2-year
period. It may also use accelerated methods, such as double
declining balance and sum of the years digits. 119/ While
these methods represent faster cost recovery, they prov1de
no special benefit to coal since all other industries enjoy
similar tax treatment of capital assets. 120/

Rapid-amortization of coal
mine safety equipment

There is a special provision allowed for coal mine
safety equipment placed in service prior to Jar. :y 1, 1976,
in the Internal Revenue Code, 121/ The purpose of this pro-
vision is to give coal mine operators an incentive to purchase
coal mine safety equipment, This provision permitted the
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purchaser of qualified equipment the option of either depre-
ciating this equipment the same way he would other equipment
or amortizing it evenly over a shorter 60-month period., 122/
However, the rapid amortization election precluded the pur-
chaser from using the Investment Tax Credit 123/ and with the
recent increases tn the credit, removed any incentive to use
the rapid amortization as against using normal depreciation
and the full investment tax credit allowance.

Capital gains treatment o=
coal royalty income

Owners of coal property (as well as owners of timber
and iron ore properties) can treat royalty income as
long-term capital gains. 124/ Capital gains tax treaiment
is considered preferential tax treatment since lower taxes
are paid on such income. This benefit, while available to
owners, is not available to producers--unless, of course,
they own the coal property too, which is sometimes the case.
125/ The congressional intent here was to assist coal royalty
owners, many of whom had entered into long-term contracts
calling for royalties expressed in cents per ton which,
of course, do not provide adjustments for price changes
as do royalties expressed as a percentage of the value of
the mineral produced. This contrasts sharply with other
coal tax benefits which generally do not give preference
to mineral ownership over production,

Nonpreferential treatment of
coal exploration costs

A tax benefit accorded oil and gas but not accorded
coal is the treatment of intangible drilling costs. These
may be expensed or capitalized at the option of the taxpaver
without repaying the tax benefit in the future. 126/ The
counterpart for the coal industry is exploration costs which
are also expensed or capitalized at the option of the tax-
payer. But the coal exploration costs, if expensed, are
"recaptured" when the mine begins to show a pro‘ “. that is,
the coal producer repays the tax benefit accord im earlier
while the o0il and gas producers do not, 127/
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Legislative and regulatory constraints

There are particular measures which include obstacles
to the rapid development of coal. These measures which have
been enacted

--Create uncertainties as to whether certain coal
reserves can be mined or

--increase the costs of the coal.

Disincentives to coal production
thrcugh taxation

In certain instances, the taxes imposed by a given State
may serve as a disincentive to coal production in that State
in a normal competitive economy. Some State taxes, such as
severance taxes, increase coal production costs (and/or the
sales price) while others such as income taxes reduce profits.,

Eleven States accounted for over 90 percent of domastic
coal production in 1973. 128/ We restricted our survev of
State taxes to these 11 States. Usually States do not levy
identical taxes; even if two States have similar taxes with
identical rates (e.g., a sales tax of 4 percent), they impose
that tax on different items. For example, Illinois imposes
a sales tax on all purchases by manufacturing firms, 129/
while Ohio levies a sales tax on purchases by manufacturers
but exempts machinery used directly in the manufacturing
process. 150/ 1In Alabama, some items purchased by manu-
facturers are taxed at rates lower than the general sales
tax rate. 131/

Several States have categorized their taxes one way ,
(e.g., a sales tax) when they are more precisely something
else (e.g., a gross receipts tax). For purposes of this
discussion, taxes are categorized according to the nature
of the tax.

Corporation income tazxes--Most coal firms are taxed as
businesses at corporate tax rates.
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For the eleven States studied, the State corporation
income tax rates are shown in table 20.

Table 20

State Income Tax Rate Comparison

Corporate income

taxes
(Percent)
Kentucky 132/ 4,0 up to $25,000
5.8 over $25,000
West Virvinia 133/ 6.0
Pennsylvania 134/ 9.5
Illinois 135/ 4.0 over § 1,000
ohio 136/ 4.0 up to $25,C00
8.0 over $25,000
Virginia 137/ 6.0
Indiana 138/ 3.0
Alabama 139/ 5.0
Wyoming 140/ (a)
Montana 131/ 6.75
New Mexico 142/ 5.0

a/Wyoming has no income tax.

While the definition of taxable income varies fromr State
to State, it is generally similar to the definition of taxable
income for Federal tax purposes., Pennsylvania also levies
a 1 percent capital stock tax which is a levy on the actuai
value of the corporation as determined by net worth, or capi-
talized earnings and the market value of the shares. 143/
Corporate income taxes are generally levied on all types of
firms regardless of the nature of their business. This form
of tax generally produces a large proportion of the State's
revenues, Since it primarily affects the companies' pro-
fits, it has little impact on the rate of production and on
marginally productive mines, 144/

Sales taxes--Generully, the addition of a sales tax to
an item has the effect of reducing the number of items that
will be sold since they will be available at a higher
price. For those States levying a sales tax, it generally
provides about one-third of each Stat2's revenues.

Sales taxes are imposed by almost all of the 11 States
considered in this study; however, a substantial amount of coal
production is .sually exempted from the sales tax by these
States. One-third of the States levy no sales tax on coal
whatsoever and the remaining two-thirds exempt resources used
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in the manufacturing process, interstate transactions, coal
purchased for resale and/or coal used to produce energy,

Illinois is the only State studied which has a true
sales tax (the Retailers Occupational Tax) affecting a
significant amount of coal sold. 1Illinois has a State sales
tax of 4 percent plus an additional 1 percent for the county,
levied at the point of sale and stated explicitly in the
teras of the sale., 145/ 1Indiana also has a 4 percent sales
tax on coal sold at”the retail level; however, exemption
certificates for certain uses exclude substantial amounts
of coal sales from the tax (e.g., coal sold for the produc-
tion of energy). 146/

Production taxes--There are various types of taxes levied
on the total production of coal firms. Prominent among them
are severarnce taxes, gross receipts taxes, and ad valorem*
taxes. This type of tax generally has a hzavy impact on ccal
firms, In some cases, these taxes are levied exclusively on
coal and not on other products.

West Virginia's gross receipts tax on coal is 3.85
percent of gross proceeds from the sale of coal. 147/ This
tax produced more than $100 million in revenues in 1975, over
14 percent of the State's total revenues in that year. This
tax is credited against State income tax liability. 148/

Kentucky levies both a specific and an ad valorem seve.-
ance tax, which amount to 50 cents per ton and 4.5 percent of
gross value, respectively. The specific severance tax is
merely a floor or alternative minimum tax to protect the
State's revenue position. In 1975, with these taxes at
30 cents per ton and 4 percent, respectively, the State
collected almost $100 million, or about 8 percent of total
revenues. 149/

Pennsylvania levies no production tax on coal and
neither does Illinois nor Indiana. However, as mentioned pre-
viously, Illinois and Indiana do impose a sales tax on coal
that is sold.

Ohio levies a specific severance tax of 4 cents per ton
150/ while Virginia authorizes a county tax of 1 percent of

gross receipts. 151/ Alabama has a 13.5 cents per ton specific

*In proportion to the value.



severance tax on coal; 152/ Wyoming levies a 6 percent (effec-

tive 1978) ad valorem tax which, when combined with its so-

called property tax on assessed value (value is determined by

the price of the coal extracted) amounts to a 12 percent ad
valorem tax. 153/

Montana has both a specific and an ad valorem severance
tax. The specific severance tax, unlike Kentucky's, is
tied to the wholesale price index but nevertheless acts as a

floor or alternative minimum tax. For surface-mined bituminous

coal, the ad valorem tax is levied at a 30 percent rate (at
least 40 cents per ton) with an additicnal 0.5 percent for a
resources indemnity tax. 154/ For deep-mined coal, Montana's
taxes are 4 percent (at leact 12 cents per ton) and 0.5 per-
cent, respectively. 155/

New Mexicou levies a gross receipts tax of 4 percent plus
a 0.5 percent severance tax and a 0.75 percent rescurces ex-
cise tax. Local governments also levy about a 3 percent ad
valorem Ltax on the 4justed gross value of the coal. 156/

Production taxes are variable costs and as such add to
the costs of production. The economic impact of such taxes
by a State, assuming a normal competitive industry, is to
reduce the production of coal in that State. Specific
severance taxes (and similar taxes) pose the additional
problem of hastening the depletion of readily accessiblz and
most profitable high grade reserves, relative to less acces-
sible or low grade reserves. Although production taxes and
sales taxes have been dealt with separately for purpoces
of this review, the economic effects of these taxes
are similar.

Comparative analysis of alternative tax options

The evaluation of coal taxes is complicated by tne fact
that Federal and State governments mzy establish different
and sometimes conflicting goals and objectives. The Federai
Government's goals include national security, energy inde-
perdence, the economic allocation of goods and services (or
the neutrality of taxes among goods and services), and the
raising of revenues to finance the Federal Government and
its programs. The State's objectives include the maximi-
zation of revenues subject to the preservation of the State
industry's competitive position, the mitigation of the socio-
economic costs of coal development, the general economic
development of the State, and the economic neutrality
between coal and all other energy resources.
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High severance taxes, for example, may accomplish all
of the State's goals, but such taxes, by increasing produc-
tion costs, may reduce the production of coal and its consump-
tion relative to other energy resources such as imported oil
and gas. Compounding this problem is the fact that a tax
credit is allowed on the Federal tax return for foreign
taxes paid on imported oil and gas while only a deduction is
permitted for State taxes paid for domestic coal production,

Other uncertainties

Taxation is not the only cause of uncertainty, The
Government has established various policies relating to
environmental considerations in an effort to reduce damage
done by coal production and consumption to the air, water,
and land. Although the need for such protection is
recognized by the coal industry, they are critical of policies
which, in their opinion, create uncertainty and are subject
to revision. 157/

During the years of debate and compromise, the issues
surrounding national surface mining legislation raised doubts
as 'to whether coal could be mined as planned, 158/ OCther
examples are the need to file detailed mining plans to States
and to prepare and file environmental assessments to the De-
partment of the Interior which prepares the environmental
impact statements for approval. 159/ In addition to delays,
the operator is faced with the possibility that the permit
will be denied or have conditions attached which would make it
uneconomical to mine the coal and deliver it to the consumers
based on the price negotiated.

The possibility of changes in air quality standards by
the States and the Federal Government have also created
uncertainties as to wiether the coal planned to be mined would
meet revised standards. 160/

Problems facing the Federal Government in establishing
environmental and air quality standards are discussed in
chapter 6.

Industry has also complained that recently enacted legis-
lation on leasing of Federal coal lands does not permit long-
range planning. 161/ Industry officials claim that the
time limits for exploration and consolidation of leases into
logical mining units (2 years) and for providing coal in com-
mercial quantities (10 years) are unrealistic. and too
restrictive,
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RESEARCH_AND DEVELOPMENT TO I iCREASE
PRODUCTIVITY AND TO FINANCE MINE
HEALTH AND SAFETY

A critical element affecting coal's ability to meet future
energy needs is the development of technology to extract coal
more efficiently and at acceptable economic and social costs.
BOM's research and development activities are directed toward
these goals, through three primary areas--advancing mining
technology, mining health and safety, and environmental prec-
tection. Environmental research is discussed in chapter 6,
Table 21 shows the estimated 5-year funding levels,

Table 21

Estimated S5<Year Budget for €oal
Extraction Technology Program (note a)

S Fiscal year o
Research segment 1978 I%??T 1377 I§7§ 1379 1980 1981 Total
=15 LR A
--------------------- (millions)==e--eocmemmemcmcmeme

Underground coal

mining $45.8 $11.4 $47.0 $ 60.5 $ 63.7 $ 62,7 $ 59.5 $350.6

Sur face coal
mining 9.3 2.3, 11.7 13.7 15.5 15.0 14.7 82.2
Coal mine health 3.5 .9 4.1 4.6 4.2 3.6 2.8 23.7
Coal mine safety 25.9 6.4 25.5 29.7 28,9 28.5 30.9 175.8
Total $84.5 $21.0 $88.3 $108.5 $112.3 $109.8 $107.9 $632.3

a/The figures presented in this table, obtained from BOM's draft report
entitled Strategic and Tactical Plan, dated January 1976, are not precise
but are indicative of possible allocations based on BOM management judgment
at the time.

b/This is a transition period of 3 months (one-guarter year) from the
previous fiscal year period beginning July 1 to the newly adopted
fiscal year period beginning September 1.



Tuis table indicates that the technology program funding
peaks in 1979 with an estimated budget of $1i2.3 miliion, a
33 percent increase over fiscal year 1976. The surface mining
technology budget is $15.5 million and represents a 67 percent
increase over the fiscal year 1976 level. Underground mining
also increases; however, the projected funding level is only
a 39 percent increase over fiscal year 1976. The signiticant
increase in surface mining technology research is more than
likely a reflection of the relative importance surface mining
will play in near term coal production. It should also be
noted that the projected funding for health and safety research
beginning in fiscal year 1978 is more than the current $30
million limit, Exceeding the limit will require a change
in the Coal Mine Health and Safety Act of 1969,

Advanced coal mining technology

BOM has identified certain bottlenecks to increasing
cocal mine productivi%y, such as installing roof supports;
transpcrting coal, men, and supplies in underground mining
operations; and reliability of continuous mining eqguipment.
They are attempting to develop technology to overcome these
obstacles and their aim is to develop and make improved mining
technology available to industry as soon as possible, 162/

The objectives of the advanced mining research program
are to improve present surface and underground mining and
environmental practices, automate present systems (such as
continuous mining and longwall mining), and develop and
demonstrate new mining systems that substantially improve
productivity. The program's emphasis is on improving under-
ground mining technigues because the majority of coal reserves
is at depths which make underground mining the only feasible
long-term method of extraction.

BOM's underground mining research efforts are specifi-
cally directed to:

-~Increasing the average production per shift,
--Accelerating the use of longwall mining,

--Developing mining systems to recover 80 percent of
western coal deposits.

--Reducing the time required to open new mines.

-~Developing technology to provide protection of surface
environment from underground mininj, such as subsidence
and water contamination.

--Conducting feasibility studies of new mining systems.
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BOM has estimated that some of the technology being
developed will be available for commercial application in
1977.

Research into improving surface mining is also important
because a significant portion of the projected coal require-
ments will come from such operations, The overall objective
of surface mining research is to improve productivity along
with health, safety, and environmental standards. BOM is con-

ducting research on:

--Integrating excavation and reclamation systems to
reduce environmental impact,

--Investigating mining techniques that represent alter-
natives to ci'~ent surface mining techniques,

-=Imprc o automation, the entire coal mining
cy - e.
--Developing - - " on techniques for arid and ser.-

arid regions

Equipment an? -~thodology developed under the surface
mining rese= h < am, like the dragline augmentation device
and the wi- =~ o +: v (  _ar blade, should be ready for industrv
use beginning in 1v78.

Coal mine health and safety

Coal mining is the most hazardous occurariczn in vy . o?
States. 163/ The social and economic costs ¢ coal min ..
reflected In the injuries, occupational illnesses, and deaths
suffered by coal miners are high.

Increased production will necessitate increased numbers
of miners, and based on historical correlation, could lead
to increased fatalities and injuries if there are no health
and safety improvements.

BOM has, since its inception in 1910, performed research
and development to improve working conditions in the coal
mines. The Federal Coal Mine Health and Safety Act of 1969,
among other things, directed the expansion of research and
development programs aimed at preventing coal mine accidents
and diseases. Until 1969, BO.'s research was an in-house
effort. The 1969 act augmented this effort by including a
contract and grant research program and authorized a total
health and safety research program with funi'ng of up to $30
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million per fiscal year. The act further required that
research be done in a number of specific research areas, which
include:

--Improved working conditions and practices in coal
Mines,

~-Developing new or imprcved methods o: recover.ng
persons in coal mines after an accident,.

--Developing methods of reducing concentrations of
respiravle dust in active working areas of coal mines,

--Developing new and improved vnderground equipment and
other sources of power for such equipment which will
provide greater safety,

In response to the research areas enumerate” in the act,
BOM's research program ..as addressed the major causes of
injuries in coal mines--the hazards associated with electrical
and mechanical equipment, tire and explosions from combustible
c2ses and dust, and health problems associated with r2spirable
coal dust generated during mining.

The specific objectives of BCM's research into coal mine
health and safety are to:

--Develop means to reduce the amounts of respirable dust,
carbon monoxide, and other noxious or toxic contaminants
introduced or produced during mining operations,

--Develop means to reduce excessive noise introavced or
produced during mining opz:rations,

--Develop means for th~ removal, dilution, and protection
against the remaining environmental contaminants,
including excessive humidity and low and high
temperatures,

--Develop means for elimination or reduction ~f fire
and :xplosion; failure and outburst of roof, rib,
face, and highwall surfaces; inundatior; and electri-
cal and machinery h-zards.

~-Develop more efficient and safer means for surviva.
and rescue of miners and for miner recoverv in event
o disasters.

-~-Continnally ideatify new health and safety problems

and develop advanced mining syscems and subsystems
to elininate these hazards. 164/

4.55



Some of the research efforts into health and safety have
been implemented by the coal industry. Accomplishments are:

--Air curtain devices for protecting personnel from dust,
-=-Pneumatic drill mufflers to reduce noise.
--Weter infusion of coal seams for dust control,
--Pumpable roof bolts for improved roof support.
--Improved lighting systems for mining machnines.
SUMMARY
The scenarios of future energy demand used in this report
fcrecast that annual coal production will reach a level of
from 779 to 988 million tons by 1985 and from 942 to 1 586
million tons by the year 2000. The high scenario is ... the

approximate range of President Carter's National Energy
Plan. Coal production in 1976 was 665 million tons,

The expected growth in the coal industry within the
1975 to 2000 period will reqguire:

--0Opening 438 to 825 new mines,

--Recruiting and training 288,300 to 531,600 new miners
(current average emplo ' .nt is 208,000).

--Investing $26.7 to $45.5 billion in new capital.

The short-run production capacity of the industry is
limited to what cah be e:xtracted through increased pro-
duction (surge capacity) at existing mines. 1In other words,
coal is usually demand-constrained in the long run and supply-
constrained in the short run. 1In English, this means that
on the supply s3ide significant amounts of time and effort
are required to open new mines. Given time, coal companies
can produce the coal if the demand is there. When construc-
tion time, equipment acquisition, environmental and related
studies, permits, and s0 on are taken into consideration, it
takes

--1,5 to 3 years to open a surface rine in the East,
-=-4 to 15 ye s ror - surface mine in the West,
--2.5 to 5 years for an underground mine in the East, and

--3 to 13.5 years for an uinder .- . mine in the West.
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GAO uiscussions with 11 major coal producers (including
9 of the top 15 producers in 1975) showed all believed the
industry could d>uble production by 1985 and triple pro-
duction by 2000, assuming certain conditions. GAO believes,
on the other hand, that a number of factors, including long
leadtimes required to open mines, environmental constraints,
time problems in delivery of heavy equipment, capital protlems,
and labor and productivity problems will delay beyond 1985
the achievement of a production 1-~vel of 1 billion tons,
let alone the 1.2 billion tons refiected in the National
Energy Plan. On the other hand, a level of 1.5 billion tons
may be achievable by 2000 on the production side. By then
the primary constraints will be on the demand side.

In addition to environmental restrictions discussed in
chaper 6, several other key factors affect coal production,
First is productivity, that is, the tons produced per
worker-day. Productivity has declined since 1969, especially
in underground mines. This can be attributed to:

--The 1969 Federal Ccal Mines Health and Safety Act
which increased th: number of personnel in the mines.

--Changes in mining conditions such as widths of coal
seams, distances from entrances of mines to the
operation faces, and amount of overburden.

--Intrcduction of large numbers of inexperienced
workerc into the mines,

-~Requirements for additional personnel in accordance
with union agreements.

-~Unscheduled interruption in production caused by
wildcat strikes.

Concerning the last item, it should be noted that in
Years when a national agreement is renegotiated the lost
working time dve to work stoppages is substantial. For
example, 8 percent of the total working time was lost in
1974 for this reason. Current agreements of the UMWA with
the coal comranies expire December 6, 1977. The right to
strike over local grievances is a major bone of contention
between labor and management.

The secon¢ factor is industry structure. In recent
years, the coa’ industry has undergone significant change.
Major steel, utility, chemical, and metal companies have
accelerated their move toward coal self-sufficiency and,
like the oil companies, are aggressively acquiring small coal
companies and coal reserves. The trend is definitely toward
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fewer but larger companies. These changes are thought to
have improved the capital pesition of what was once a capital-
starved industry.

The third factor is worker availability end training.
Wages in the coal industry are higher than in many other
industries and should attract new miners. The training of
those new miners is a more significant problem. 1ndustry
and Federal Government efforts in this regard need to be
more extensive.

Fourth is the availability of mining equipment., 1If
there is adequate planning by the coal mining industry in
its ordering of equipment, the manufacturers should be able
to produce and deliver most of the machinery on time,
However, it appears that delivery of large draglines,
critical to big surface mining operations, could still be a
problem,

GAO discussions with economists and experts in the
coal mining and financial communities indicated a consensus
that future coal projects should be able to receive financing
as long as coal demand remained reasonably good.

Seven years have elapsed since the passage of the Federal
Coal Mine Health and Safety Act and some progress has been
made in mine health and safety records. But problems remain,
More needs to be done to reduce nonfatal injuries and to
achieve full -~ompliance with the dust standards.

Statistically, min! ;g remains more dangerous than other
major industrial occupations. Assuming that the fatality
and disability injury rates do not improve significantly
from the 1975 rate, GMO estimates that as many as 3,400
miners might be killed and 253,000 disabled in accidents
under the EEI scenario levels of production for the 1975 to
2000 period. Under the BOM scenario as many as 4,700 miners
might be killed and 351,000 disabled.

The impacc of taxes upon the coal industry is very
uneven, Some taxes encourage increased production while
others disrourage it. Coal mining receives a tax break with
a percentage depletion deduction of 10 percer: of gross
income, but the deduction must not exceed 50 percert of the
taxable income. On the ocher hand, a tax benefit accorded
oil and gas but not coal is the treatment of intangible
drilling costs--these may be expensed or capitalized at
the option of the taxpayer without repaying the tax benefit,
In addition, a foreign tax credit is allowed on the Federal
tax return for imported oil and gas while only a deduction
is permitted for State taxes paid on domestic coal production,
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These tax provisions put coal at a disadvantage compared with
oil and gas.

State taxes on coal production vary widely. State taxes
such as Montana's 30 percent tax on the market value of surface
mined ccal may accomplish State goals, but such taxes, by
increasing production costs, may reduce the production of
coal and its consumption relative to other energy resources
such as imported oil and gas. On the other hand, State
taxes are a means of internalizing into the price of
coal external socioceconomic and environmental coal costs.
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CHAPTER 5

'OW CAN WE GET IT TO WHERE WE WANT IT?

An effective and efficient transportation system is
essential to permit coal to play a major role in meeting the
Nation's future energy needs. While production capabilities
must be greatly expanded to meet the future demands of utility
and industrial consumers, the development of adequate trans-
portation capabilities is equally important to insure that
the increased coal output will be moved from mine to user.
Scenarios forecasting production increases from the 1976
level of 665 million tons to as much &as 988 million tons in
1985 and 1.586 billion tons in the year 2000 also entail a
need to expand transportation system capabilities accordingly.

The existing system, comprised primarily of railroaid,
barge, and truck transport, has demonsitrated its ability to
move the current level of coal output and to handle tempo-
rary demand surges, as was demonstrated during and after the
oil embargo. But, increased output will, in some instances,
place added burdens on currently marginal system capabilities
which already reguire iwmprovements. More importantly, however,
potential increases in coal production, particularly in the
West, will place new demands on the Nation's coal. transpor-
tation system that must be met by building new faciiities
and expanding existing capabilities.

Future coal transportation requirements can be met, but
Federal action may be needed. The railroads have the capabi-
lity to expand, but expansion will not be without problems,
particularly cepital acquisition, Resolving uncertainties
arrecting future coal traffic volume would assist the rail-
rcads in planning and acquiring capital for expansion. The
environmental impacts of increased rail coal traffic on cer-
tain communities en route may be severe. In the East and
Midwest, Consolidated Rail Corporation's (Conrail's) rehabili-
tation efforts will need to include actions to insure that
its coal-carrying capabilities are upgraded.

Coal slurry pipelines* are a possible option for moving
coal in certain cases, Some significant environmental and
institutional problems will need to be resolved. Development

*A pipeline which transports fine particles of coal sus-
pended in a liquid carrier, such as water.
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is being hindered by difficulty in assembling rights-of"way.
Development could be additionally affected by shortage of
water at the points of origin, particularly in the West, and
by environmental problems caused by effluent disposal at the
destination,

Expanding inland waterway capacity may also be necessary
to substantially increase coal barge traffic.

The more important aspects of the total transgortation
issue are:

—~Adequacy of the Nation's transportation system to
move coal.
—=Future coal transportation needs,

~-Railroad expansion Capability to handle future coal
production,

~=Future rail coal traffic,

==Railroad plans to meet 1980 coal transportation
requirements,

=-Ability of railroads to acquire the capital
needed to finance expanrsiorn,

~—~Environmental impacts of rail coal traffic.

—~-Adequacy of Conrail's rail system and its ability
to efficiently transport increased coal traffic,

--Adequacy of rolling stock to move anticipated
future coal output,

--Role of coal slurry pipelines in the development of
coal.

-=Coal slurry pipelines and the Federal power of
eminent domain.

—~Adequacy of water for slurry pipeline use,
~=Disposal of effluent from slurry pipelines.

=-Capability of inland waterwav system to meet
future coal transportation needs,



ADEQUACY OF THE NATION'S TRANSPORTATION
SYSTEM TO MOVE COAL

Coal moves from mine to user principally by rail,
water, and truck. Tramways, conveyors, and pipelines
each transport lesser guantities. ks an alternative to
moving coal itself, coal can be converted ton electricity
by generating plants near the mine and the energy transmitted
by wire to consumers. When the technological and economic
problems are solved, the same approach would be possible
for synthetic gas converted from coal at the mine and trans-
ported to the user by pipeline.

Coal shipments by the various modes of transportation
from 1973 through 1975 are shown in takle 1. 1/ Railroads
carried about 65 percent of the coal traffic In 1975, compared
to about 69 percent in 1973.

Note: Numbered footnotes to ch. 5 are on pp. 5.322 to 5.37.
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Table 1
1973-75 Coal Shipments

by Mode of Origination (note a)

Mode of
transportation 1973 1974 1975
----- (million tons)-----

Rail 397.2 397.2 418.1
Water 68.6 67.8 69.1
Truck 57.3 66.4 79.4
Used at mine-mouth generating

plants 64.4 66.6 73.5
Other

(including slurry pipeline
and miscellaneous use at
mine) 4.3

w
(%]

8.

w

64

w
[o o]
<3

Total output 591.8 603,

a/This table shows shipments by originating modes only; inter-
~ modal transfers, particularly betwe~n rail and water,
increase the total coal traffic handled by these modes
substantially. For example, total coal traffic moved by
water in 1974 amounted to 141 million tons, including the
tonnage originated by other modes, but delivered to users
by barge. 2/

Transportation costs represent a major portion of the
delivered price of coal. These costs range from approximately
25 percent of the cost of coal delivered from eastern coal
fields to as much as 75 percent or more of the delivered price
of coal shipped from Montana and Wyoming to electric utili-
ties in the Midwestern States, 3/ From 1974 through 1976, rail
transportation costs accounted for the following percentages
of the delivered coal price. 4/



Table 2

Average Rail Transportation Share

of Delivered Coal Prices

Price per ton Average Delivered Transportation
Year f.o.b. mine rail charge price per ton share
(percent)
1974 $15.7¢ $4.71 $20.406 23
1975 19,24 5.25 24,49 21
1976 (note a) 20.00 5.75 25,75 22

E/Estimated.

A sample of selected coal-using utilities, repurted
in an April 1975 MITRE Corporation study entitled "Analysis
of Steam Coal Sales and Purcheses," showed that transportation
costs varied from $0.47 & ton to $10 a ton, depending on dis-
tance and mode of transport. 5/

Of the three currently most prevalent modes of coal
transport, barge hauling ranks as the least costly, followed
by rail and truck., 6/

Table 3

Comparative Modal Costs per Ton-Mile

Mode of Approximate
transportation cost

Barge $0.003 to $0.004

Rail .01

Truck .05

A recent Bureau of Mines study of alternative electricity
costs based on four western coal transportatinn alternatives
indicated that slurry pipeline costs would be comparable to
rail costs, but the cost of generating electricity near the
mine and then shipping it by extra-high-voltage transmission
lines was found to be zbout 30 percent higher. (See table
12, p. 5.25.) 1/



Future coal transportation needs

If future coal traffic by the various modes were projected
in the same ratio as they were in 1975, the 1985 and the
year 2000 BOM and Edison Electric Institute scenarios output
levels would be allocated as shown in table 4. 8/

Takle 4

Future Coal Transportation Shares

Scenarios

1975 1985 ¢ 2000

actual EEI BOM EEI BOM

------------- (million tonsg)---—===-——-

Rail 418 503 637 608 1,023

Water 69 83 106 101 170

Truck 79 95 120 115 193

Mine-mouth use - 74 89 113 107 181
Other (including

slurry pipelines) 8 9 12 11 19

[« ]
o
[

779 988 942 1,586

———— — —

Total output

If oroduction increases, vast quantities of coal will
have to be moved from areas served by transportation systems
which, if not improved, conld prove inadequate to the task.
Western coal production, for example, may increase nearly
.fivefold by 1985 over 1974 levels and will require major
improvements to existing western rail systems or supplemen-
tation with alternate modes of transportation such as slurry
pivelines. 1Increased ccal production will also place added
demands on eastern rail systems and on the Nation's inland
waterways.
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EXPANSION OF RAILROAD CAPABILITIES

Railroads will be the principal mover of U.S. coal in
the foreseeable future. The waterway system does not directly
serve many of the areas scheduled for major coal developuent
and is limited in its capability to expand by the present
physical capacity of its locks system. There are also prob-
lems with ice in the winter. The trucking industry
cannot compete with the railroads from a cost standpoint for
high-volume, long-distance traffic. Large-scale generation
of electricity near mines and long-distance transmission by
extra-high-voltage lines over great distances is unlikely
in the short term due to higher costs resulting from trans-
mission losses* and may also be limited in some areas by
regional shortages of water necessary for steam generation
as well as public opposition because of environmental impacts,
A proposed alternative to railroads for high-volume long-
distance shipment--the coal slurry pipeline--is presently
hindered by difficulties in obtaining rights-of-way and could
prove infeasible due to shortages of water in originating
regions, as well as the environmentai and economic aspects
of disposing of the effluent at the receiving end.

Productijon of coal-based synthetic high-Btu gas in
large quantities is not anticipated in the near future, 9/
When synthetic high-Btu gas becomes economically producible,
it is expected to be transported to the extent possible by
the existing natural gas pipeline systems. 10/ T1If low-Btu
gasification is used, a separate, larger capacity pipeline
system would have to be installed.

The future of coal transportation through 1985, there-
fore hinges primarily on the railroads' capability to expand
and improve their existing facilities, although the alternate
modes will play important roles in meeting future requirements.

Future rail coal traffic

Threugh 1980, railroads anticipate a large increase
in coal traific, as illustrated by information developed
during a recent survey of the major coal-carrying railroads
sponsored by the Department of Transportatiorn's (DOT's)
Transportation Systems Center (TSC). 11/ The railroads
surveyed originated 92 percent of the total 1974 rail coal
traffic. 12/

*To offset losses experienced over the length of trans-
mission lines, larger powerplants with grezter coal
consumption would be required than would be needed if
bulk coal were transported to the user.
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By 1980, these railcoads anticipate a 95 percent increase over
the 1974 coal traffic originations. The railroads' expecta-
tions may be optimistic* but they do indicate an awareness

of the megnitude of their potential expansion needs. Their
projections of 1980 coal traffic originations are shown

below, 13/

Table §

Originated Coal Traffic

1974 1980
Rail Million Percent Million Percent Percent
district** tons of total tons of total increase
Eastern 195 52.6 288 39.8 48
Western 66 17.8 279 38.5 323
Southern 110 29.6 157 21,7 43
Total 371 100.0 724 100.0 95

The rail:-oads surveyed expect the most dramatic increase
in originated coal traffic to occur in the areas served
by western railroads--323 percent. This is attributable to
development of the vast reserves of Jow-sulfur coal in the
Wescern States--principally Montana and Wyoming, Coal from
thie region is expected to move more than 1,000 miles to
markets in Midwestern and South Central States. 14/

* Railroads' plans may have been moderated since the TSC sur-
vey repcrt was issued in April 1976. TSC has since under-
taken a new survey of rail coal transportation needs through
1985.

**Western rail district consists of all States west of
Mississippi River; Southern rail district includes Kentucky
and North Carolina and all other States south, as well as
east of Mississippi River; and the Eastern rail district
includes all States north of Kentucky and North Carolina
and east cf Mississippi River.
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Traffic increases originating on eastern and southern
rail district lines, although not as spectacular as those
anticipated i. the West, will still be substantial. Eastern
coal originations are projected to increase by 48 percent,
principally from West Virginia, Pennsylvania, and Kentucky.
Traffic originating on southern rail district lines is
expected to incrcase by 43 percent, moving coal from Eastern
and Central region coalfields to Southern and Southeastern
States. 15/

Major coal traffic originations by State, as projected
by the railroads, are shown in table 6. 16/

Tzble 6

Projected 1980 Rail Originated Tonnage by State

(States with over 1 million tons of rail originations)

State Rail originated tonnage
(millions)

Alabama 13.0
Colorado 29.2
Illinois 66.6
Indiana 17.9
Kentucky 119.8
Maryland 2.0
Montana 51.3
North Dakota 3.3
Ohio 25.3
Pennsylvania 57.6
Tennessee 7.5
Texas 8.1
Utah 14.2
virginia 54.7
West Virginia 116.9
Wyoming 135.0

Total 713.4
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The recent TSC-sponsored survey showed that in 1980 coal
would generally imove in the following patterns. 17/

Coal traffic oriqginations by Would move to markets in

Western rail district lines in

-=Norti'ern Great Plains coal —--Midwestern and South
fields Central States

Eastern rail district lines in
--Appalachian coalfields -—-36 States but predomin-
antly to Midwestern ang
Atlantic (Coast States

Southern rail district lines in

--Appaldchian and Mideastern ---Sout ern and South-
Interior coalfields eastern States
--Midwestern Interio. coalfields ~=-Midwestern States

Railroad plans to meet 1980 coal
transportaticn requirements

The railroads surveyed by TSC planned large investments
in hopper cars, lo omotives, and physical plant improvements
to provide for additional coal traffic, as shown in table
7. 18/

Table 7

Planned R=ilroad Investment to Meet 1980 Coal NeacCs

— Rail district
Investment category Southern Western Eastern Total
(millXons)

Hopper cars (note a) b/$667 b/$1,044 b/$1,189 $2,900
Locomotives b/60 b/529 b/66 665
Physical plant 242 1,135 182 1,559
Maintenance facilities H 102 - 103

$370 sT,820  sTA37 55,727

a/Includes replacement of retired equipment,

b/%stimated based on TSC survey breakdown of reqgional
or hopper car/locomotive reguirements.
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The planned capital investment in physical olant shown
above does not include Conrail's rehabilitation prngram which
totals about $4.9 billion over a 1l0-year period (Cge p. 5.19.)
Conrail's program includes improvements necessary to move
many commodities and does not relate exclusively to coal.

Western railroad expansion requirements

As noted before, the most dramatic increase in coal traf-
fic is expected in the West. Their planned expansion require-
ments call for 29,000 new hopper cars 19/, 1,500 new 3,000~
horsepower locomotives 20/, and over $1.2 billion in fixed
plant expenditures,

The major movers of western coal during 1975 are shown
in table 8. 21/

Table 8

Principal Rail Carriers of Western Coal

1975 coal traffic )
Originated Total movements

(million tons)

Burlington Northern 36.2 39.0
Chicago and Northwestern 3.8 16.1
Union Pacific 12.4 15.4
Denver and Rio Grande
Western 10.¢ 13.0
Total 63.3 83.5

A recent study by the Federal Energy Administration's
Office of Coal, entitled "Coal Rail Transportation Outlook,"
included the following comments on the status and problems
of these lines: 22/

Burlington Northern

"The Burlington Northern is by far the most optimistic
of the coal carrying railroads over expected traffic growth
in that fuel during the next decade * * *,
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"BN [Burlington Northern] predicts a growth in coal
carried of from 16 million tons in 1974 to betweenr 140 and
150 million tons by 1980. While no solid projections have
been made beyond this, railroad spokesmen say that some
predictions have indicated total coal volume of 225 million
tons by 1985, and this is being used as a 'target.' * * * Phe
company's track is generally in adequate cordition for near
term traffic needs, and is continually being upgraded. * * *

"Most of the BN's self-originated coals which, as noted,
come from Montana and Wyoming, is delivered to Texas, the
Northern midwest, and to Mississippi River points for
transfer to other railroads or barges for final
delivery, » * *

"Future competition may develop from coal slurry pipe-
lines now being considered or planned for the west. BN says
that 25 million tons of coal traffic per year, which one
planned pipeline would haul from Wyoming to Arkansas, would
mean $150 million per year in coal freight revenue lost to
the railroad. * * *

"BN expects unit trains{*) in operation to increase from
55 per week to about 200 by 1985, * * * 7o meet a five-fold
coal traffic increase by 1982 would not pose insurmountable
problems, since it is already expected to handle almost a
fcur-fold increase by 1980. * * * phe company now foresees
a need to finance road and equipment improvements of about
$1 billion., This will include substantial ballasting and
rail replacement work, on one route in particular. * * * T¢
will be necessary to sell a large bond issue or issues to
raise the necessary funds. * * %

"The BN, along with several other roads, also has
advocated a statutory authorization of a freight rate
structure that would make possible long term rate
assurances to provide rail shippers with incentives
for initiating and continuing rail use for substantial,
predetermined periods.

*Defined as a complete train of dedicated cars on a regularly
scheduled cycle movement between a single vrigin and a single
destination. Coal unit trains typically consist of over 100
cars of 100-ton capacity each, 23/
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"Under the Interstate Commerce Commission interpretation
of the Interstate Commerce Act, freight rates are now
filed fer a 12 month period.* Although they are usually
renewed at the same level, there is not assurance that
they will be, and thus railroads feel they are at a
disadvantage in negotiating coal carrying agreements
at a specific and foreseeable level over a period of
several years." 24/

Chicago_and Northwestern
Transportation Company

“A large coal traffic increase is expected by 1985
due to the new 116 mile rail line to be constructed
through the Powder River Basin coal deposits in Wyoming.* * *

Future coal traffic increases will originate along the
new railroad line in Wyoming foi Texas, Arkansas, Illinois,
and Wisconsin markets. Present coal traffic volume is
up over last year. A five-fold increase by 1982 would
require a considerable investment to upgrade track and
increase the number of hopper cars and locomotives.
What is needed to accomplish such a feat are iron-clad
contracts. Unit trains average about 35 per week and
are on the increase., * * * No constraints are expected
to coal traffic increases as the railroad is currently
expanding. This expansion is contingent upon the coal
production in Wyoming coming on line." 25/

Union Pacific Railroad

"Due to the increase anticipated for western coal
production, a moderate increase in coal traffic is
expected by 1985. * * * The rail beds are upgraded to
carry 100 ton cars. Current track speed is 40 mph loaded
and 50 mph empty. Continual upgrading of the track will
allow this speed to increase slightly by 1985.

"The principal area of coal origin is southern Wyoming,
and this coal is consumed in the Mid-west. Unit train
use is on the increase and currently averages 23 per
week. * * * A planned coal slurry pipeline will be in
direct competition for coal traffic, and to a lesser

*According to the Interstate Commerce Commission, Burlington
Northern is referring to "annual volume rates," which have
been limited by the Commission to periods from 12 to 18
months. Annual volume rates require that a shipper in a
designated period tender a specified amount of freight to
gqualify for a reduced rate.
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degree so is the RBurlington Northern, but there is no
competing barge traffic., * * *

"A five-fold increase in coal carrying could be main-
tained without undue strain on the system, No significant
constraints exist that would prevent the répid expansion of
coal traffic capacity.

"Here the potential coal traffic capacity exists. The
problem is to get increased western coal demand and
increased western coal production." 26/

Denver and Rio Grande Western Railroad

"Large increases in coal traffic are anticipated due to
an expected increase in the use of low sulfur western coal
by 1985, * * * The rails are set up to handle 100-ton unit
train cars with a track speed maximum of 50 mph loaded and
70 mph empty. The tracks are continually being upgraded.

"Most of the coal originates in Colorado and Utah, * * «*
Unit train use is on the increase and averages 25 per
week, * * *

"Corporate planning is indefinite due to the
uncertainties of government actions and a national energy
policy. The railroad maintains that if an energy emergency
develops political action cannot svbstitute for a 2- to 3-year
lead time required to plan, purchase, and manufacture the new
facilities to carry expanded coal traffic." 21/

Western railroad expansion
capability

A 1975 study by BOM concluded that:

"The capacity of the railroads to cope with substan-
tially more western coal does not seem to be an unduly
serious matter. The railroads can probably enlarge their
capacity to handle larger amounts of coal as rapidly

as their potential competitors (i.e., coal slurry
pipelines] can be constructed. * * * This is not to
imply that improvements in the western rail systems

are unnecessary. But the basic requirements are there
or can be met without having to endure long delays in
meeting the conditions of high-standard service." 28/

Our discussions with selected western carriers--the
Burlington Northern, the Denver and Rio Grande Western, and
the Union Pacific--and with DOT officials of the Federal Rail-
road Administration and TSC corroborate this conclusion,
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A key underlying factor is that less time is required to ex-
pand rail facilities than to construct new mines or electric
utility powerplants.

However, western rail expansion will not be achieved
without problems. These problems will incluZe:

--Acguiring sufficient capital, hindered by
uncertainties over future western coal
development and slurry pipelines.

--The environmental impact of increased western
unit train traffic.

Capital acquisition problems

Capital requirements for expanding the coal carrying
capacity are larger in the West (see table 7, p, 5.10) than in
the East and South, where lesser percentage of increases
are expected (although Conrail will require massive
investments).

DOT and railroad officials contended that the railroads'
ability to raise capital could be affected by uncertainties
as to future ccal traffic volume caused by:

--Uncertainties as to the impact of air quality
restrictions on the type and source of coal that will
be demanded in the future (i.e. western low-sulfur
coal versus eastern coal). 29/

--The possibility that coal slurry pipeliies could receive
the Federal right of eminent domain and threaten to
draw off some of the profitable high-volume rail coal
traffic. 30/

--The :inability 'nder the Interstate Commerce Commission's
(ICC's) interpretation of the Interstate Commerce Act
to enter into long-term (volume) rate agreeménts with
shippers at reduced rates that would provide shippers
with the incentive to initiate and continue rail use
for substantial predetermined periods. 31/

Railroad practices which have tended to alleviate
rail capital acquisition problems and shift the capital
burden to shippers are:

--Ownership of unit train rolling stock by coal
producers and utilities.
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--Spur line financing by shippers, the cost of which
is refunded by the railroads during an initial
predetermined period of operation.

Uncertainty of the futare role
of western low-sulfur coal

Future governmental actions to resolve energy/environ-
mental conflicts could have a major effect on demands
for western coal. For example, a relaxation of air quality
standards to permit greater use of high-sulfur eastern coal
could substantially lessen anticipated demands for western
low-sulfur coal. Recently enacted surface mining legislation
will also affect western coal development, In view of the
uncertainties in demand and the related lack of assurance
of future traffic and revenues, the railroadas face difficul-
ties in planning and acquiring capital for expansion.

Uncertaintz created bx proposed, largeascale
slurry pipeline development

Should the several proposed slurry pipelines (see p. -
7.22) be constructed, the railroads fear that the pipelir.es
~ould draw off the more profitable high-voiume coal traffic,.
Railroads contend that this uncertain prospect, valid or not,
raises doubts as to future revenues, affecting the willingness
of investors to provide capital for expansion. 32/

In addition, railroads point out that, ir their role
as common carriers, they would be required to carry increasing
volumes of coal in the period before pipelines are constructed
and would be faced with losing this business, curtailing
operations, and laying off employees when pipelines are finally
completed. 33/

Slurry pipeline advocates contend, however, that no rail-
road jobs will be lost because coal pPipelines will not replace
rail business, Railroads will handle increased coal traffic
in the West even if slurry pipelines take a share of the ex-
panding market. 34/

ICC prohibition of rail contract
rate agreements

ICC's interpretation of the Interstate Commerce Act,
which has pre~luded long-term contract rate agreements,
denies railroads a tcol which could facilitate rail planning
and financing.

5.16



The act does not specifically authorize or prohibit
railroad use of contract rates. However, ICC'sS inter-
pretation of the act, as evidenced by previous commission
decisions, is essentially based on the premise that
contract rate agreements except in limited circumstances
constitute a "destructive competitive practice," as described
and prohibited by the National Transportation Po.icy. 35/

Railroads point out that, of the three cooperating
businesses involved in coal transportation--the mining
companies, the power companies, and the railroads~-only
the railroads are without long-term contract protection
for their substantial i.vestment. 36/ To encourage capital
investment and thus assist in the rehabilitation and re-
vitalization of che railway system, Congress enacted section
206 of the Railroad Revitalization and Regulatory Reform
Act of 1976 (P.L. 94-210). This section, which adds subsec-
tion 15(19) to the Interstate Commerce Act, authorizes the
publicatior of capital incentive railroad rates if a rail-
related capital investment of $1 million or more is made by
carrier, shipper, or third party. Such rates may remain in
effect for five years, subject only to adjustments to meet
variable costs of the railroad. Railroads and chippers are
thus assured a grei..ter degree of certainty to predict the
effect of a major investment on their future operations,

Long-term contract rate agreements could provide shippers
with greater assurance of transportation costs at foreseeable
levels and with the incentive to initiate and continue rail
use for substantial predetermined periods. This, in turn,
could provide railroads with assurance of long-term future
revenues which the railroads consider necessary for planning
and capital acquisition. 31/

Environmental impacts of expanded
Western rail can traffic

Most western coal output will be handled by 10,000-ton-
capacity unit trains dedicated to continuous service vetween
the mine and the user. 38/ FEA reported in its May 1976 "Coal
Rail Transportation OutTook" that the four major western

coal carriers were operating an average or 138 unit trains a
week.




Table 9

Weekly Unit Train Traffic of

Principal Western Coal Carriers

Number of unit

Railroad trains a week
Burlington Northern 55
Chicago and Northwestern 35
Denver & Rio Grande Western 25
Union Pacific _23

138

By 1985 unit train traffic is expected to expand several-
fold. The Burlington Northern, for example, expects to operate
about 200 unit trains per week by 1985,

Increased unit train traffic could have a major impact
on communities en route, interrupt motor vehicle traffic, and
subject community residents to increased noise and air pollu-
tion. Some Wyoming communities could experience coal traffic

rail traffic. 39/

Public concern over the environmental impacts of increas-
ing unit train traffic is cavsing citizens' and environmental
groups to seek closer Federal scrutiny of coal traffic buildup.
The Sierra Club, for example, has filed suit in the u.s,
District Court to require ICC to more closely examine the
environmental impact of a i'roposed 1ll6-mile coal route to be
jointly constructed by the Chicago and Northwestern and the
Burlington Northern through the Wyoming coalfields. According
to the Sierra Club, the route could carry as many as 48 trains
daily through a number of small towns, 40/

Action will be required o reduce the safety hazards and
disruption of vehicular traffic and community services that
may be caused by unit train operations., Grade crossing
improvements such as overpasses, crossing gates, and
warning lights will be needed.
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Presently, the railroads and affected communities dis-
agree over who will bear the cost of these improvements,
Railroads have contended that grade crossing improvements are
not their responsibility, and affected communities seem un-
likely to receive financial assistance from the rail
industry. 41/ However, Federal funds are available to tne
States for construction of highway overpasses and grade
crossing improvements under provisions of title 23, United
States Code (which contains the Federal Aid Highway legis-
lation), some of which could be used to help alleviate railway
and highway crossing problems caused by unit train traffic.

Conrail's system rehabilitation needs

Increased coal production will require expanded rail
transportation capabilities in the northeastern and mid-
western areas served by Conrail, the federally subsidized
consolidation of insolvent eastern and midwestern railroads
established under the Regional Rail Reorganization Act of
1973 (Public Law 93-236). The Railroad Revitalization and
Regulatory Reform Act of 1976 made $2.1 billion available
to Conrail for system rehabilitation. The United States
Railway Association (USRA) has monitoring responsitility
and authority over Conrail funding. According to a recent
FEA coal transportation study, the Penn Central--the Nation's
second largest ccal handler and Conrail's major component--
anticipates an increase in its total coal traffic from about
75 million tons in 1974 to 225 million tons in 1985. 42/

Deferral of maintenance by the insolvent lines has led
to accelerated physical deterioration and operational
deficiencies, thereby impairing Conrail's coal handling
capability. FEA has observed that a large portion of Penn
Central's track is in poor condition, causing reduced speeds
and costly derailments. Massive upgrading of track and
rolling stock are needed to assure that Conrail will be able
to transport the projected volumes of coal. 43/

Conrail has undertaken a $4.9 billion, l0-year prog-am
to upgrade and maintain its 16 State right-of-way. As part
of the program, about 1,100 miles of rail will be improved
annually. The program will be completed in 1985 and is
expected to ultimately result in greater car utilization
and faster service. 44/



However, right-of-way rehabilitation is given priority and
is funded on the hasis of traffic volume handled (L.e. those
lines carrying the highest traffic density receive the highest
priority). Conrail officials pointed out that coal lines
ware not, in all cases, among the highest density lines and
may not recesive the highest priority in rehabilitation plan-
ing. However, Conrail officials commented that additional
rehabilitation of spur lines serving coal producers could be
accomplished if the shippers provided funding which Conrail
would refund during the initial five years of shipments. 45/

An FEA in-depth study of Conrail's coal transportation
needs and pians is scheduled to be completed in 1977.

Conrail's rehabiiitation requirements are numerous
and the amount and timing of resource allocation to coal
service could be critical to Conrail's future coal handling
capability.

Availability of rolling stock to
move anticipated future coal output

Shortages of hopper cars have been mentioned as a possible
constraint to transportation of future coal output. The
existing fleet of hopper cars totals about 363,000, including
railroad and shipper-owned cars. 46/ Either the fleet
will have to be expanded or car utilization will have to be
improved to accommodate future coal transportation demands,

Estimates of future hopper car needs can vary, depending
on the assumptions made as to the trend of future car
utilization, For example, BOM, in its "Coal Transportation
Practices and Equipment Requirements to 1985," estimates
that total hopper car requirements for coal production at
the 1.2 billion-ton level could range from 604,500 to
642,500, assuming that current car utilization rates prevail
through 1985, On the other hand, if the best possible
car utilization is achieved, BOM estimates that about
25 percent of the total hopper car requirement, or 125,700
to 141,500 cars will be needed. 47/

It is clear that the railroad industry's ability to
improve car utilization can dramatically change the number
of hopper cars needed. On the basis of our review of existing
studies and discussions with railroad and DOT officials, we
believe the trend toward more efficient utilization will
continue through further expansion of unit train operations
and improved traffic management, and car requirements will
be considerably less than BOM's estimated maximum requirement,
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Using a study performed by the MITRE Corporation for
the Department ¢f the Interior as a baseline 48/, we estimated
the follow1ng hopper car recuirements necded to handle the
scenario levels of coal output. 49/

Table 10

Estimated Hopper €ar Reguirements

as of 1985 and 2000

EEI BOM
scenario scenario
1985 220,000 232,000
2000 229,000 263,000

The MITRE study assumes that most future increased coal traffic
will be moved by unit trains.

Annual car-building requirements to prcvide replacements
for retirements from the existing fleet and to add new cars
to handle increases in coal traffic are projected as shown
in table 11. 50/

Table 11

Average Annual Hopper Car Reguirements

EEI BOM
scenario scenario
Through 1985 15,600 16,600
1986 to 2000 16,000 18,300

OQur discussions with the Federal Railroad Administration,
the railroads, and representatives of the car-manufacturing
industry indicated that the manufacturers have the capability
to augment the existing fleet to meet future rail transpor-
tation needs. 51/ Freight car deliveries in 1975 tended to
support this view. The car-building industry delivered more
than 72,000 cers, of which 17,000 were open-top hoppers
appropriate for coal service. Additional production capa-
city is available in the railroads' car-building shops. 52/
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A recent study sponsored by the Electric Power Research
Institute concluded that the railroad car-building industry
would have the capacity to nmrovide needed quantities of
hopper cars (more than 20,000 cars a vyear). 53/

Railroads, moreover, can do much to improve car utiliza-
tion and thereby reduce car requirements. Such improvements
are availaktle through expanded unit train operations, improved
traffic management, and upgrading of railroad plant and
equipment to permit faster, more reliable service.

COAL SLURRY PIPELINES AND
WESTE COA VELOPME

Coping with the transportation of increased tonnages
of western coal will pose problems that could be solved by
gseveral alternate modes or combinations of modes. 54/ Western
rail lines have already embarked on expansion programs, and
their unit trains are expected to move much of the antici-
pated traffic, Because of the magnitude, however, an
alternative--the slurry pipeline--is now under consideration.
Five new pipelines have been proposed, which could move as
much as 75 million tons of coal annually. One proposed
pipeline would move 25 million tons a year more than 1,000
miles, 55/ Advocates for such pipelines contend they are
needed because the railroads will not be able to handle the
anticipated western coal traffic. 56/

At present, only one slurry pipeline is operating in
the United States--a 273-mile, 18-inch diameter line trans-
porting 4.8 million tons of coal annually from mines at Black
Mesa,; Arizona, to a powerplant in Nevada. From 1957 to 1963,
an Ohio pipeline moved coal 108 miles from Cadiz to Eastlake,
It ceased operations because it was unable to compete with
reduced railroad unit train rates. 57/

Like unit trains, slurry pipelines can be well suited to
western coal transportation. Both modes can provide the
relatively low-cost service per ton-mile that permits high
volumes of cheaply mined western coal to compete in markets
long distances away. 58/

However, slurry pipelines face critical problems. These
problems relate to the need for the power of eminent domain
to assemble rights-of-way, massive water needs in arid western
areas, and technological and environmental problems of dispos-
ing of the effluent at the receiving end.
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Slurry pipelines versus railroads--
advantages an sadvantages

Although selection of transportation modes is made
primarily on the basis of cost, other factors also influence

the choice of the optimum mode for a particuiar transporta-
tion requirement, 39/ Railroads offer the advantages of 60/

--an established, extensive, an~ . -pandable
nationwide system;

--the ability to serve high- and low-volume applications;

--adaptability to multiple uses and to carrying
commodities other than coal; and

--more job opportunities.
On the other hand, railroads have the disadvantages of 61/

-~environmental problems as more traffic causes
increased community disruption and noise and air
pollution;

—-greater exposure to inflation k -ause a g:reater
percentage of their operating custs are variable
(e.g., labor); and

—--topographical constraints from grading and track
requirements causing indirect routing.

Slurry pipelines could provide the following advantages of 62/

—--causing less air or noise pollution than railroads
due to undergrourd construction;

--greater inflation protection because a lower
percentage of operating costs are variable; and

--more direct routing over difficult terrain.
Disadvantages of slurry pipelines may include 63/
—-~dependence on long-term, high-volume, continuous

long distance coal movements to attain low cost c¢f
operations;
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~-service may be limited to single origin and single
destination coal applications, since multiple
sources and destinations would adversely affect cost;

--fewer employment and other econumic benefits to
communities en route;

--massive water requirements, sometimes in arid
coal-producing areas; and

~-environmental problems caused by massive water
discharges at the receiving end.

Comparative costs

Available evidence does not clearly demonstrate the cost
superiority of either unit trains or slurry pipeline-.
Relative cost advantages will depend on the specific circum-
stances of each application. 64/

A 1975 BOM stucy of alternative electricity costs
based on five alternatives for western coal-base energy
transportation indicated that there was little to choose
between unit trains and slurry pipelines from a cost stan-
point for a 25 million ton annual movement of coal 1,000
miles from eastern Wyoming coalfields. Two o'her modes of
energy transpor.ation using Wyoming coal-—-conversion to
electricity near the mine and transport by extra-high-
voltage transmission lines or conversion to gas at the
mine and shipment by pipeline with subsequent conversion to
electricity--were found to be more costly. The least costly
method tha2t BOM looked at involved mine-m>uth gasification,
transport by pipeline, and direct use for home “eating,
rtc., 65/ The big differences between the cort of using
coal gas directly as gas compared to various forms of
electrical conversion raise zome interesting analytical
questions which GAO hopes to address in future work. GAO
is particularly interested in ar alternative that BOM
did not look at, which involves transportation of coal
to medium-size utility and Zndustrial plants, gasification,
and direct use of the gas,

According to the BOM study, the comparative consumer

costs per million end use Btus for the alternatives studied,
ranged as shown in table 12. 66/
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Table 12

Comparative Costs for Western Coal/Energy

Transportation Alternatives

Cost per million
Mode end use Btus (note a)
(1975 dollars)

Slurry pipeline/
convetrsion to
electricity $ 6.18

Unit train/conversion
to electricity 6.23

Mine-mouth conversion
to electricity/shipment
by wire 8.20

Mine-mouth gasification/
pipeline/conversion to
electricity 11.28

Mine-mouth gasification/
pipeline/direct-use 2,87

a/Assuming all-equity financing.

Other studies do not agree with the BOM figures in
table 12. For example, a 1976 Energy Research and Develop-
ment Administration study shows significant cost advantages
for slurcy pipelines over unit trains for movements of over
six miiiion tons of coal per year over distances of 1,000
miles. 67/

The BOM figure of $2.87 per million end use Btus for
direct use of synthetic gas is low compared to other esti-
mates. In 1976 GAO reported that the cost was expected
to be from $4.00 to $5.00 per million Btus. 68/ A 1977
study by the American Gas Association estimates the
cost per million Btus to be $4.45 delivered at the
residence, and $6.95 when the end use efficiencies of
home appliances are taken into account. 69/

The eminent domain question

Construction of long distance interstate coal slurry
pipelines is presently constrained by developers' inability
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to assemble necessary rights-of-way. Such pipelines would
need to cross the rights-of-way of their competitors, the
railroads, who resist pipelines passing beneath their
tracks. 70/

Currently, seven States--West Virginia, Ohio, North
Carolina, North Dakota, Texas, Oklahoma, and Utah--have
granted the right of eminent domain specifically to slurry
pipelines. 11/ As a result, slurry pipelires, which would
have to cross several States, and many railroad rights-of-
way, face tremendous obstacles in acquiring rights-of-way.
Legislation granting the F: ‘z2ral right of eminent domain is
seen by pipeline advocates as the most effective means of
removing these difficulties,

A precedent was set in granting Federal eminent domain
to natural gas pipelines. In the case of natural gas trans-
portation, no other mode was feasible. 12/ However, with an
expandable rail system already in place, such is not generally
the situation for coal pipelines, The decision whether or
not to grant eminent domain power to slurry pipelines, either
generally or on a case-by-case basis, will involve a balancing
of the economic and social advantages and disadvantages that
pipelines and railroads have to offer.

Adeguacy of water supplies

fo. slurry pipeline use

Coal slurry pipelines require massive guantities of
water--about one ton of water for each ton of coal moved. 73/
A coal pipeline moving 25 million tons of coal annually -
requires about 15,000 acre-feet* of water per year at its
source. Much western coal development is expected to occur
in semia~id western States, where water is in relatively
short supply. Slurry pipeline demands would have to compete
with public. industrial, and agricultural needs. The Bureau
of the Census, Department of Commerce, has projected that the
population of the Western States will increase at double the
national average through the year 2000, further complicating
the task of setting water use priorities. 14/

Fresh surface water in many coal-rich Western States is
already totally committed or will be in the near future,
Underground resources, or ground-water, have thus become an
important source for the future, but there is inadequate
information on their availability or the environmental effects
of their use. Ground-water used in one area can affect supplies

*One acre-foot of water equals about 325,000 gallons.,
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hun